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Introduction
The objective of this email discussion is to collect the views of companies on different aspects of sPDCCH design for the sTTI operation.

Questions 
Question 1: An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS-based and DMRS-based sPDCCH. What is the number of constituent sREGs for each sCCE? Is this structure fixed or dependent on other factors such as the sTTI index, sPDCCH type, i.e., CRS-based vs. DMRS-based, etc.?
	Company
	Views

	Huawei, HiSilicon
	For CRS based sPDCCH transmission, an sCCE consists of 3 or 4 sREGs
· 3  is used at least for an sPDCCH RB set without any RE carrying any RS (e.g. CRS, DMRS and CSI-RS)
· FFS other cases
· 4 is used at least for an sPDCCH RB set without any RE carrying any other RS except for CRS (i.e. only CRS included in the sPDCCH RB set)
· FFS other cases 
For DMRS based sPDCCH transmission, an sCCE consists of
· 4 sREGs for an sPDCCH RB set with 2 OFDM symbols
· 3 sREGs for an sPDCCH RB set with 3 OFDM symbolsif supported for 3-symbol sTTI

	Qualcomm
	In order to design the sCCE structure, it is essential to consider the sDCI payload as well as the number of usable tones per sREG in different scenarios. First, we consider one sDCI format for the DL and one sDCI format for the UL grants, each of which has a payload of about 40bits (a 16-bit CRC is included.) Also, it should be noted that each sREG has: (1) 12 REs in the absence of RSs, (2) 9 REs if a 2-port DMRS is present, and (3) 8 REs if CRS is present. Hence, in our opinion, to achieve reasonable coding rates under different aggregation levels, each sCCE should comprises 3 sREGs. Under this proposal as well as the considered payload size, the following coding rates (CR) are achievable under each of the above three cases:
	
	12REs/sREG
	9REs/sREG
	8REs/sREG

	AL = 1
	CR = 0.56
	CR = 0.74
	CR = 0.83

	AL = 2
	CR = 0.28
	CR = 0.37
	CR = 0.41

	AL = 4
	CR = 0.14
	CR = 0.18
	CR = 0.20

	AL = 8
	CR = 0.07
	CR = 0.09
	CR = 0.10



Based on this analysis, the following aspects should be highlighted: First, noting that at AL = 8, the achievable coding rate of the legacy DCI format 1A is about 0.17, it is reasonable to exclude the AL = 8 from the set of ALs considered for sPDCCH decoding. Second, the number of REs per sREG in the presence of both CRS and a 2-port DMRS is only 5. In other words, the RS overhead is about 60% if DMRS-based sPDCCH is adopted in the sTTIs containing CRS symbols. It is therefore desireable not to have CRS and DMRS over the same sTTI, i.e., a DMRS-based sPDCCHs is not configured over the sTTIs containing CRS. Finally, we acknowledge that the alternative design approach is to select the number of sREGs per sCCE based on the sTTI index (i.e., the presence of other signals.) However, fixing the sCCE structure regardless of the sTTI index is both simple and desirable from the implementation point of view.

	Samsung
	An sCCE consists of 6 sREGs. 
This structure is fixed over the other factors.

	ZTE 
	The number of constituent sREGs per sCCE is 3 or 4, which is dependent on the sTTI index. For both CRS-based sPDCCH and DMRS-based sPDCCH, the number of sREGs per sCCE is 
· 4 for sTTI #1, #3, #5 with REs carrying CRS. 
· 3 for sTTI #2, #4 without REs carrying CRS.  

	Ericsson
	To achieve a simple sPDCCH design, we would prefer a sTTI-index independent number of sREG per sCCE. As CRSs are not present in all sTTIs and sPDCCH overhead is a concern for sTTI performance, our first choice would be to go for 3 sREGs per sCCE for CRS based sPDCCH and 4 sREGs per sCCE for DMRS based sPDCCH. To cope with varying RS overhead over the sTTIs of a subframe, eNB can adapt the AL used for sPDCCH. However such a design has some drawback in terms of AL monitoring. Either more ALs need to be monitored by UEs (conservative ALs are needed to cope with higher RS overhead) or the ALs monitored by a UE should depend on the sTTI index.
The alternative to cope with sTTI dependent RS overhead is to allow a sTTI dependent nr of sCCE per sREG. Although this appears more complicated, such a design might simplify the discussion on AL monitoring and number of blind decodes. We would be ok with it.

	Nokia, ASB 
	Having a fixed number of sREGs per sCCE will result in a rather larger varying number of available REs depending on the overhead. We therefore suggest to have a varying number of sREGs per sCCE depending on the number of available REs per sREG. 
	Number of sREGs in sCCE
	CRS present in RB set
	no CRS in RB set

	DMRS present in RB set
	6 (72b)
	3/4 (60/80b)

	no DMRS present in RB set
	4 (64b)
	3 (72b)




	Intel 
	From sPDCCH scheduling perspective, the design goal for the sCCE to sREGs mapping should try to strive a property of similar effective sCCE size across sTTIs to simplify the sPDCCH scheduling and link adaptation/aggeration level selection. Given the effective code rate of DCI could be very different across sTTIs depending on whether CRS (or DMRS) presence or not, it is feasible that the number of sREGs to form a sCCE is variable depending on the presence of CRS and DMRS in a respective sTTI. In particular, the number of sREGs forming a sCCE can be tabulated in specificaiton corresponding to different combination cases of DMRS and CRS.     

	LG Electronics
	It can be considered that the number of sREGs per sCCE is dependent on sTTI index and/or sPDCCH type. However, this approach will complicate the implementation on sPDCCH blind decoding from UE perspective. In this sense, our first preference is to set the fixed number of sREGs per sCCE regardless of sTTI index and/or sPDCCH type, i.e., 4 sREGs per sCCE, which can simplify implementation and specification efforts.
 Alternatively, we can consider further optimization with the cost of complexity. For example, 3 and 4 sREGs per sCCE can be applied to the CRS-based sPDCCH RB set without RS and with RS, respectively. For the case of DMRS-based sPDCCH, 3 and 4 sREGs per sCCE can be applied to the RB set with 2 symbols and 3 symbols, respectively.

	Panasonic
	4 or 6 sREGs  to form a sCCE depending on symbol number of a sTTI

	Motorola Mobility, Lenovo
	A fixed number of sREGs per sCCE is preferable from having common design perspective across sTTIs;
(a) 4 sREGs per sCCE can be considered as a conservative approach. 
(b) Alternatively, 3 sREGs per sCCE can be considered, however in cases of high overhead, higher aggregation levels might be needed or AL=1 candidates may be restricted to certain locations.   
We note that considering resource allocation bit reduction in sDCI compared to 1ms DCI, it can be expected that the sPDCCH payload is smaller than that of the PDCCH and maybe less REs/sCCE needed.



Summary of views on Question 1:
10 companies participated in responding to this question.
· 1 company (Ericsson) mentioned that they prefer a fixed number of sREGs per sCCE independent of other factors (3 sREG for CRS and 4 sREG for DMRS.) However, they are okay with the sTTI-dependent structure.
· 1 company (LGE) mentioned they prefer a fixed number of sREGs per sCCE. They are fine with the varying number of sREGs/sCCE, but they also acknowledge that it may incur complexity at the UE.
· 1 company (Panasocic) is fine with a varying number of sREGs/sCCE dependending on the number of symbols per sTTI.
· 3 companies (Samsung, Qualcomm, and Motorola Mobility/Lenovo) are proposing a constant number of sREGs/sCCE independent of other factors.
· 5 companies (Huawei/HiSilicon, ZTE, Nokia/ASB Intel) are proposing to consider the varying number of sREGs per sCCE.
Based on the responses, 5 companies mentioned the fixed sCCE structure as their (first) preference and the other 5 mentioned the varying sCCE structure as their preference. Hence, this issue requires more discussion.

Question 2: How should the sREGs forming an sCCE be mapped to the RBs of an RB set under the localized sREG-to-sCCE mapping, where (1) a 1-symbol sPDCCH is considered and (2) sPDCCH spans over multiple symbols (both in time and frequency)? 
	Company
	Views

	Huawei, HiSilicon
	Time first mapping (i.e. an sPDCCH spans over multiple symbols for an sPDCCH RB set with 2 OFDM symbols) is applied to an sPDCCH RB set configured with localized sCCE to sREG mapping.
· applied to both CRS based sPDCCH and DMRS based sPDCCH
For simplicity, we slightly prefer the above mapping rule for an sPDCCH RB set configured with localized sCCE to sREG mapping. However, configurable mapping rule can be considered also. That is, either time first mapping or frequency first mapping can be configured with an sPDCCH RB set configured with localized sCCE to sREG mapping. Frequency first mapping can provide the chance to achive lower latency at least for CRS based sPDCCH transmission since it can start to decode sPDCCH earlier.

	Qualcomm
	Under the localized sREG-to-sCCE mapping, if a 1-symbol sPDCCH is configured for a UE, the 3 sREGs for a given sCCE should be mapped to a set of consecutive RBs . This is similar to the agreement made in RAN1 #89 as part of the NR Physical Downlink Control Channel agenda item. For the case of a 2-symbol sPDCCH, two ways can be considered: (1) sREGs of an sCCE are mapped to a set of consecutive RBs in a frequency-first time-second manner, and (2) sREGs of an sCCE are mapped to a set of consecutive RBs in a time-first frequency-second manner. From the overall latency point of view, Option 1 is more desirable. Under this approach, UEs with more stringent delay requirements (such as LTE-URLLC users) may receive their grants within the 1st sPDCCH symbol.

	Samsung
	Time-first mapping is used for sREG-to-sCCE mapping. An example is as below.
[image: ]

	ZTE
	We prefer time first mappping for localized sCCE to sREG mapping. Specically, the following rules can be considered. 
· 





Assume there are  PRBs and   OFDM symbols in one PRB set. Then the number of sREG is, and the index of sREG #m is numbered from the lowest PRB in the PRB set with time first mapping. sREG #m in sCCE #n meets the condition , where  is the number of sREGs in each sCCE, and m=0, 1, 2, …, -1.
· 
When =1, it can be only used for CRS-based sPDCCH. 
· 
When =2, it can be used for both CRS-based sPDCCH and DMRS-based sPDCCH.
· 
When =3, it can be only used for DMRS-based sPDCCH.

	Ericsson
	The sREGs forming an sCCE span consecutive RBs and are mapped in time domain first. It enables to achieve very condensed frequency allocation. 


	Nokia, ASB
	(1) The sREGs are logically numbered in the frequency domain with increasing (or decreasing) PRB index. An sCCE uses logically neighboring sREGs (i.e. for a certain AL and starting with sREG x the sCCE is given by sREGs [x,…, x+AL-1]).
(2) The sREGs are logically numbered in the time-domain first and  frequency-domain second with increasing (or decreasing) PRB index. An sCCE uses logically neighboring sREGs (i.e. for a certain AL and starting with sREG x the sCCE is given by sREGs [x,…, x+AL-1]).

	Intel
	Time-first mapping is preferable for us for 2-symbol sPDCCH configuration due to the benefits of efficiency multiplexing with normal TTI, bettern frequency ICIC across cells etc. Although it decreases the processing time of sPDCCH decoding for CRS-based transmission, the effect may be tolerable. Note that there is no processing time lose for DMRS-based sPDCCH compared to frequency-first mapping since DRMS itself spans two symbols according to the agreements. 

	LG Electronics
	For localized sREG-to-sCCE mapping, sREGs would be contiguously located in physical domain without interleaving. If 1-symbol sPDCCH is considered, sREGs would be mapped with frequency-first order. If multiple symbols sPDCCH is considered, sREGs would be mapped with time-first and frequency-second order.

	Panasonic
	In case of  (1) 1-symbol sPDCCH, 4 consecutive sREGs form a sCCE;
In case of (2) sPDCCH spans over 2 symbols,  2 consecutive sREGs (in each symbol) form a sPDCCH like following
	
	symbol#0
	symbol#1

	PRB#1
	　
	　

	PRB#2
	　
	　

	PRB#3
	　
	　

	PRB#4
	　
	　

	PRB#5
	　
	　

	PRB#6
	　
	　

	PRB#7
	　
	　

	PRB#8
	　
	　

	PRB#9
	　
	　

	PRB#10
	　
	　

	……
In case of (2) sPDCCH spans over 3 symbols,  2 consecutive sREGs (in each symbol) form a sPDCCH like following
	
	symbol#0
	symbol#1
	symbol#2

	PRB#1
	　
	　
	　

	PRB#2
	　
	　
	　

	PRB#3
	　
	　
	　

	PRB#4
	　
	　
	　

	PRB#5
	　
	　
	　

	PRB#6
	　
	　
	　

	PRB#7
	　
	　
	　

	PRB#8
	　
	　
	　

	PRB#9
	　
	　
	　

	PRB#10
	　
	　
	　

	……
	







	Motorola Mobility, Lenovo
	On continous RBs belonging to an sRBG (i.e., sCCEs don’t cross the sRBG boundary) with time first mapping.



Summary of views on Question 2:
10 companies participated in responding to this question.
· 8 companies (Samsung, ZTE, Ericsson, Nokia/ASB, Intel, LGE, Panasonic and Motorola Mobility/Lenovo) are in favor of time-first frequency-second mapping if more than one symbol is configured for an RB set.
· 1 company (Huawei/HiSilicon) prefers time-first mapping, but is fine with a configurable time-first or frequency-first mappings.
· 1 company (Qualcomm) proposes to adopt the freq.-first mapping if multiple symbols are configured for a given RB set.
Based on the majority of the views, we have the following proposals:
Proposal 1: For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping, the time-first frequency-second sCCE-to-sREG mapping is adopted. 

Question 3: How should the sREGs forming an sCCE be mapped to the RBs of an RB set under the distributed sREG-to-sCCE mapping, where (1) a 1-symbol sPDCCH is considered and (2) sPDCCH spans over multiple symbols (both in time and frequency)? 
	Company
	Views

	Huawei, HiSilicon
	Frequency first mapping is applied to an sPDCCH RB set configured with distributed sCCE to sREG mapping.
· applied to CRS based sPDCCH 
· FFS for DMRS based sPDCCH if distributed sCCE to sREG mapping is supported by DMRS based sPDCCH  

	Qualcomm
	Similar to the localized sREG-to-sCCE mapping, regardless of whether a 1-symbol or a 2-symbol sPDCCH is configured, the sREGs forming an sCCE should all be placed over one symbol. Under the distributed mapping scheme, these 3 sREGs should be interleaved within the available RBs of a given RB set.

	Samsung
	Time-first mapping is used for sREG-to-sCCE mapping. 
For a 1-symbol sPDCCH, sREGs are uniformly distributed within an RB set.
For N(>1)-symbol sPDCCH, N sREGs are bundled in time domain and 6/N sREGs bundles are uniformly distributed within and RB set.
PRB indexing of sREG in an sCCE can be done similarly to EREG-to-ECCE mapping.

	ZTE
	We prefer frequency first mappping for distributed sCCE to sREG mapping. 






Assume there are  PRBs and   OFDM symbols in one PRB set. Then the number of sREG is, and the index of sREG #m is numbered from the lowest PRB in the PRB set with time first mapping. sREG #m in sCCE #n meets the condition , where  is the number of sREGs in each sCCE, and m=0, 1, 2, …, -1. 

	Ericsson
	The sREGs forming an sCCE are interleaved over the RBs of the RB set and are mapped in Frequency domain first. It enables to achieve higher frequency diversity. 


	Nokia, ASB
	(1) The sREGs are logically numbered in the frequency domain with increasing (or decreasing) PRB index. An sCCE uses logical sREGs with pre-defined interlace ( i.e. for certain AL and startin with sREG x the sCCE is given by sREGs [x, x+k, x+(AL-1)*k]
 (2)  the logical sREGs (as defined in (1) ) are mapped in a hybrid mode, time-first within an interleaved block and frequency-first between the interleaved blocks, as in the following example





	Intel
	For the distributed transmission of CRS-based sPDCCH, we share the view that the sREGs should be mapped in frequency-first manner in a given RB sets for better frequency diversity gain. However, for distributed transmission of DMRS-based sPDCCH, it is worth considering resource-block-based mapping in order to efficiently support of sharing unused sPDCCH resource with other UEs for sPDSCH transmission. In particular, one resource-block for distribution may span two symbols in time domain with aggregating two RBGs, as depicted in below FIG. 
[image: ]


	LG Electronics
	For distributed sREG-to-sCCE mapping, physical location of sREGs would be interleaved within the RB set. Distributing sREGs over RBs in a RB set can achieve frequency diversity gain and it can basically be applied to the CRS-based sPDCCH.
Regarding the DMRS-based sPDCCH, a bundling of sREGs can be considered when sREGs are interleaved within the RB set. A bundling of sREGs across time or frequency domain will provide better channel estimation performance. In this sense, bundling of sREGs across time or frequency domain can further be considered.
If 1-symbol sPDCCH is considered, sREGs would be mapped with frequency-first order. If multiple symbols sPDCCH is considered, sREGs would be mapped with time-first and frequency-second order.

	Panasonic
	In case of  (1) 1-symbol sPDCCH, 2 bundled sREG groups form a sCCE and the bundle size is 2. In case of  (2) sPDCCH spans over 2 symbols, 2 bundled sREG groups form a sCCE and the bundle size is 2 (bundled sREG are in each symbol but in different PRBs) as follows 
	
	symbol#0
	symbol#1

	PRB#1
	　
	　

	PRB#2
	　
	　

	PRB#3
	　
	　

	PRB#4
	　
	　

	PRB#5
	　
	　

	PRB#6
	　
	　

	PRB#7
	　
	　

	PRB#8
	　
	　

	PRB#9
	　
	　

	PRB#10
	　
	　

	
	　
	　

	…
	　
	　

	
	　
	　



In case of  (2) sPDCCH spans over 3 symbols, 3 bundled sREG groups form a sCCE and the bundle size is 2 (bundled sREG are in each symbol but in different PRBs)

	
	symbol#0
	symbol#1
	symbol#1

	PRB#1
	　
	　
	　

	PRB#2
	　
	　
	　

	PRB#3
	　
	　
	　

	PRB#4
	　
	　
	　

	PRB#5
	　
	　
	　

	PRB#6
	　
	　
	　

	PRB#7
	　
	　
	　

	PRB#8
	　
	　
	　

	PRB#9
	　
	　
	　

	PRB#10
	　
	　
	　

	
	　
	　
	　

	…
	　
	　
	　

	
	　
	　
	　




	Motorola Mobility, Lenovo
	Frequency first mapping with sREGs interleaving over the sPDCCH RBs.



Summary of views on Question 3:
10 companies participated in responding to this question. 
· 5 companies (Huawei/HiSilicon, Qualcomm, ZTE, Ericsson and Motorola Monility/Lenovo) propose to adopt the freq.-first sCCE-to-sREG mapping.
· 2 companies (Samsung and LGE) propose to adopt the time-first mapping.
· 1 company (Intel) proposes to adopt the freq.-first mapping under the CRS-based control and time-first-mapping under the DMRS-based control.
· 1 company (Nokia/ASB) proposes a hybrid mapping scheme.
· 1 company (Panasonic) proposes a bundling of sREGs in freq. domain, and distributing the bundles across the time domain.
Based on the majority of the views, we have the following proposal:
Proposal 2: For an RB set configured with more than 1 symbol and the distributed sCCE-to-sREG mapping, the freq-first time-second sCCE-to-sREG mapping is adopted.


Question4: What is the list of ALs to be considered for decoding an sPDCCH? How many candicates per AL should be defined?   
	Company
	Views

	Huawei, HiSilicon
	Either {1, 2, 4, 8} or {1, 2, 4, 8, 16} can be considered. Down-selection could depend on the available REs within an sCCE. (As our reply to Q1 for email discussion [89-05] on search space for sTTI operation, either option 2 (AL 1, 2, 4 and 8) or option 3 (AL 1, 2, 4, 8 and 16) listed in [89-05] for Q1 can be considered)
The supported aggregation levels for sPDCCH should achieve similar number of available REs for PDCCH with aggregation level 1, 2, 4 and 8. The aggregation levels to be monitored can be further configured and/or indicated.
A CCE consists of 36 available REs for PDCCH transmission. The sCCE size could be varied with the presence of RS. For example, an sCCE could consist of 3 sREGs (i.e. 36 available REs) for an sPDCCH RB set without any RE carrying any RS. An sCCE could consist of 4 sREGs for an sPDCCH RB set without any RE carrying any other RS except for CRS (i.e. 32 available REs or 40 available REs). In these two cases, the number of available REs in an sCCE is the same or similar as a CCE, thus the supported aggregation levels can be 1, 2, 4 and 8 as that for PDCCH. 
However, for some cases it is possible that the number of available REs in an sCCE is much smaller than 36. For example, an sPDCCH RB set includes both REs carrying CRS and REs carrying DMRS, for simplicity an sCCE could still consist of 4 sREGs (e.g. about 20 REs assumping 4 CRS ports and 6 DMRS REs per RB). In this case, aggregation level 2, 4, 8 and 16 is more appropriate. However, this case depends on whether to support CRS based sPDCCH scheduling DMRS based sPDSCH and/or monitoring DMRS based sPDCCH in an sTTI containg CRS.  
Based on the above discussion, {1, 2, 4, 8, 16} is supported if all the above three cases are supported. Otherwise, {1, 2, 4, 8} should be supported.        

	Qualcomm
	As mentioned in response to Question 1, given our proposed sDCI payload size (~40bits for both DL and UL grants) and the proposed sCCE structure, the possible set of ALs should include {1,2,4}. As outlined earlier, a range of reasonable coding rates can be achieved by these AL values. 
In our opinion, allowing for the maximum of (about) 20 BDs per sTTI is reasonable (regardless of the number of RB sets configured for a UE.) Considering one DL sDCI format and one UL sDCI format and the maximum of 20 BDs per sTTI, the number of candidates per AL should be defined as a function of the number of RBs in each RB set for the following cases: (1) One localized or one distributed RB set, (2) two localized, two distributed, or one localized and one distributed RB sets. Note that the two cases mentioned here is a subset of cases considered in the design of EPDCCH. The reason is that in the EPDCCH design, a larger ALs are adopted for the distributed mapping as compared to the localized mapping. Given the large control overhead in sTTI, we propose to only consider AL = {1,2,4} for both mapping schemes (Note that to accommodate an sPDCCH with AL = 8, 24 RBs are needed. This incurs a 50% and 25% overhead in 5MHz and 10MHz of bandwidth, respectively.)  

	Samsung
	The list of ALs for a given UE to decode sDCI can be configurable.
The number of candidates per AL can be determined according to the discussion of the blind detection number and sPDCCH RB set size. 
Based in our early calculation, {1,2,4,8} are necessary.

	ZTE
	The same ALs as PDCCH i.e. {1, 2, 4, 8} can be the baseline for sPDCCH. The candidates number per AL can be also the same as that of PDCCH.

	Ericsson
	As also noted by Qualcomm, for 5MHz and 1os sPDCCH, there can be at most sPDCCH for a single UE with AL8 (assuming 3sREG per sCCE). This would mean 50% OH for this UE assuming sPDSCH also uses the entire bandwidth on the 2nd os (otherwise more than 50% OH!).
With 4 sREG per sCCE, AL8 is only supported with 2os sPDCCH.
In general sTTI appears not very suitable for MBB UEs requiring a AL higher than AL 4 due to the CCH overhead. This was also observed in the system level evaluations done in the study item and captured in the corresponding findings in TR36.881. 
Therefore, AL of {1, 2, 4} are supported for sTTI. There is however a dependency with the outcome of Q1. AL 8 could be considered to cope with high RS overhead.
The total nr of candidates per AL should preferably be configured over RRC. There can be a limit on the maximum nr of candidates per RB set or per sTTI defined in the specification. The sPDCCH design should aim at supporting 6 sPDCCH candidates per RB set and sTTI. The network should be able to decide how to distribute the candidates over the ALs. There can be more candidates on the low ALs, AL 1 and 2, for some UEs. Other UEs may have more candidates on AL2 and 4 for instance.

	Nokia, ASB
	There seems to be some overlaps with the related question in [89-5] – anyhow, we think that ALs [1,2,4,8,16] should be supported. The number of candidates are to be higher layer configured as part of the RB set configuration for each of the possible ALs. The total number of sPDCCH candidates, a UE should monitor, is to be limited by the (to be specified) maximum number of sPDCCH candidates/number of BDs – otherwise, there is no need for further restrictions by specification.  

	Intel
	We also see the dependency with Q1 and support of higher AL i.e. 16 may be desirable of a fixed sREGs number is used to form sCCE regardless of DMRS/CRS/CSI-RS presence. In general, we think the ALs supported in current LTE spec can be a starting point with more justification on higher AL-8 and AL-16. Especially, for AL-8, although it is true that it is challenging for small bandwidth e.g. 5MHz or 10MHz to operate it, it may be needed for for a larger bandwidth case e.g. 20MHz. In short, we are fine to go with ALs <1,2,4,8> and blind decoding attmpts for a respective ALs can be configured by higher layers as in current LTE. 

	LG Electronics
	The candidate list of aggregation level can be {1,2,4,8}. 
Considering that the number of available REs for a sCCE will vary depending on sTTI index and/or sPDCCH type, the actual coding rate will also be fluctuated. In this sense, similar to EPDCCH design, different aggregation level lists can be applied to different sTTI index and/or sPDCCH type considering the  number of available REs. For example, the aggregation level list {1,2,4}/{2,4,8} can be applied to the sTTI which have the available REs more/less than the predefined threshold, respectively.
The number of candidates per AL is related to other various on-going discussions such as the total number of blind decoding, sCCE-to-sREG mapping, etc.

	Panasonic
	At least AL 1, 2, 4 seeing main use case is low to medium load.  For 2/3 symbol sTTI, the candidate number should be largely reduced compared with normal TTI seeing a subframe may have 6 sTTIs. If additional 48 BD times are assumed for sTTI, then 8 candidates are for each sTTI.
For slot-level sTTI,  the candidate number can be larger than that of  2/3 symbol sTTI but smaller than that of normal TTI. Based on above, 24 BD times are used for each sTTI.  

	Motorola Mobility, Lenovo
	In our view, for 2/3 OS sTTI, having AL>8 consumes a lot of resources (as pointed out by other companies as well) at least for system BW≤10 MHz.
We note that selecting AL to align with sRBG size (i.e., having the size of control channel candidates and sRBG size used for sPDSCH evenly divide with each other) can be beneficial to reduce unallocable sPDCCH resources to sPDSCH. 
We expect a UE to monitor ~7 sPDCCH candidates (at least in the second slot, sTTIs of first slot may contain less candidates) per 2/3 OS sTTI, and the number of candidates per AL to be ≤ 2.



Summary of views on Question 4:
10 companies participated in responding to this question. 
· The same question is covered in email discussion [89-05] on search space for sTTI operation. Hence, the summary will be presented as part of that discussion.

Question5: How many/how ALs should be configured/indicated for each UE per RB set? How should the number of candidates per AL be configured/indicated for each UE per RB set? Is the number of candidates per AL sTTI dependent?
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer at most 2 aggregation levels to be monitored for a given sPDCCH RB set for simplicity and possibility to reduce blind decodes. (As our reply to Q4 for email discussion [89-05] on search space for sTTI operation)
As our reply to Q2 for email discussion [89-05] on search space for sTTI operation, either option 1 (i.e. configure sPDCCH candidates to be monitored for each aggregation level) or option 2 (i.e. configure sPDCCH candidate reduction value for each aggregation level) can be considered. we slightly prefer option 2 since it uses a similar scheme as that for enhanced CA. 
The number of candidates to be monitored in different sTTIs can be different and we slightly prefer the number of candidates to be monitored in sTTI 3 can be different from other sTTIs considering possible sharing sPDCCH RB set between 2-symbol sTTI and 1-slot sTTI. (As our reply to Q22 for email discussion [89-05] on search space for sTTI operation). 

For sTTI 3 since it is possible to share same sPDCCH set(s) between 2-symbol sTTI and 1-slot sTTI, the number of sPDCCH candidates could be more than other sTTIs. Sharing RB(s) between sPDCCH RB set for 2-symbol operation and sPDCCH RB set for 1-slot operation (e.g. same RB set(s) for 2-symbol operation and 1-slot operation) is beneficial. Firstly, it could provide more frequency diversity gain for sPDCCH since wider bandwidth can be configured for each sPDCCH RB set. Secondly, it may reduce the sPDCCH blocking probability since more resource available. Thirdly, it provides more flexibility for sPDSCH scheduling since 1-slot sPDSCH scheduling is not limited to the bandwidth for 1-slot sTTI. 

	Qualcomm
	As outlined in our responses to Questions 1 and 4, we believe that the AL = {1,2,4} should be considered in each RB set. From this set, indicating at most 2 ALs with non-zero number of candidates should be sufficient. 
In terms of the configuration/indication of the number of candidates per AL, a similar approach as that of the EPDCCH can be adopted. In particular, the number of candidates per AL can be defined for each combination of (1) the number of RB sets configured for a UE, and (2) the number of RBs per RB set. As mentioned earlier, in each case, at most two ALs have non-zero number of candidates. One of these cases can be indicated to a UE by a higher layer signaling, e.g., RRC signaling. 
Regarding the last question, we do not see a reason to define the number of candidates as a function of the sTTI index.

	Samsung
	Legacy LTE uses 1,2,4,8 ALs for USSS. For sTTI UEs, up to 4 different ALs may not be needed. Instead, two ALs such as X1 and X2 can be configured per RB set by higher layer signaling among four candidate values of ALs, i.e., Y1, Y2, Y3, Y4, where Xi is one of Yj for i=1,2, j=1,2,3,4. The exact values of Yj can be discussed with considering sDCI sizes. 
Each RB set can have different values of X1 and X2. 

	ZTE
	Number of aggregation levels and candidates in search space for a given sTTI UE should be limited. 2 ALs with nest structure for one sPDCCH RB set is prefered. The number of candidates per AL in each RB set can be down-selcted from the following two alternatives
· Alt1. 2 candidates for the lower aggregation level and 1 candidates for the higher aggregation level
· Alt2. 4 candidates for the lower aggregation level and 2 candidates for the higher aggregation level.,
We slightly prefer the number of candidates per AL is sTTI dependent 
· For CRS based sPDCCH, DL sTTI #1 of 1-slot sTTI and DL sTTI #3 of 2-OS sTTI may share the same PRB set/search space/resource allocation. Therefore it may be more efficient to support different number of candidates per AL in different sTTI. 
· For DMRS based sPDCCH, we prefer that a UE is not expected to receive DMRS-based sPDCCH in a 2-OS sTTI containing CRS. 

	Ericsson
	The total nr of candidates per AL should preferably be configured over RRC. There can be a limit on the maximum nr of candidates per RB set or per sTTI defined in the specification. 
sTTI dependent nr of candidates per AL makes sense if the outcome of Q1 is a fixed nr of sREG per sCCE. This way the sTTI with high OH can contain more sPDCCH candidates with high AL.

	Nokia, ASB
	As noted in our answer to Q5, we do not see a need to limit the number of configurable ALs having valid sPDCCH candidates for a UE. The configuration should be part of the RB set configuration with the limitation on the overall number of sPDCCH candidates/BDs.

On the variation in time domain: There might be a need to have a varying number of AL candidates (or the overall number of sPDCCH candidates) e.g. depending on the decision on how to handle the CRS and DM-RS based demodulation for normal / MBSFN subframes. We might need further design decisions in place before being able to have a final agreement on this point.  Furthermore, if the number of sREGs forming the sCCE is fixed and independent of RS overhead and the amount of usable REs varies, the ALs of  sPDCCH  containing RS and not containing RS would need to be different.

	Intel 
	We also see this question is related to Q1. Depending on the conclusion of Q1, the number of Blind decoding (BDs #) for a given AL can be different across sTTIs. 
In our view, the BD# for each AL can configured using RRC signaling on a per UE basis, e.g. based on UE geometry. One maximum BD# can be either fixed in spec or indicated by UE as part of UE capability . 

	LG Electronics
	For reducing BD efforts of a UE, higher-layer configuration on the set of ALs and/or the number of candidates per AL for each RB set can be considered. A reduction value can be configured, and the exact number needs to be further discussed.

	Panasonic
	Via dedicated RRC signaling.  Each sTTI has same candidate number per AL.

	Motorola Mobility, Lenovo
	Similar to EPDCCH search space principles: 
(a) number of candidates per AL in each RB set can be roughly proportional to the number of the RBs in the RB set, and
(b) localized set can have more candidates with smaller ALs and distributed set can have more candidates with larger AL 
the number of candidates per AL can be sTTI dependent, for instance, the sTTIs of the first slot can have smaller number of candidates to largely reuse the available PDCCH hardware capability.



Summary of views on Question 5:
10 companies participated in responding to this question. 
· The same set of questions have been covered in email discussion [89-05] on search space for sTTI operation. Hence, the summary will be presented as part of that discussion.

Question6: If the number of symbols per RB set is more than 1, how should the decoding candidates per aggregation level be mapped to the available resources?  
	Company
	Views

	Huawei, HiSilicon
	We feel it is related to how to perform sCCE to sREG mapping and sPDCCH candidates to sCCE mappig, and also how to determine the sCCEs corresponding to sPDCCH candidates.
As to sCCE to sREG mapping, could refer to our answer to Q2 and Q3 in this email discussion.
If time first mapping is applied to localized sCCE to sREG mapping, frequency first mapping can be used for sPDCCH candidate to sCCE mapping. 
If  frequency first mapping is applied to distributed sCCE to sREG mapping, frequency first mapping can be used for sPDCCH candidate to sCCE mapping at least for CRS based sPDCCH. For DMRS based sPDCCH, it may depend on the transmission scheme and whether time domain sREG bundling is applied, if yes then it is possible good to perform time first mapping for sPDCCH candidate to sCCE mapping. In this case, configurable mapping rule can be considered.  

	Qualcomm
	For each AL, all decoding candidates should be contained within one symbol of the RB set. With this approach, users with more stringent latency requirement, e.g., LTE-URLLC users, may receive their grants earlier.

	Samsung
	Our view is to use time-first mapping is used for sREG-to-sCCE mapping.
Based on our proposal to use 6 sREG per sCCE, there is only frequency-first mapping for sCCE-to-AL mapping.
Then, there is no issue according to the number of symbols per RB set.

	ZTE 
	Firstly, continuous mapping of CCEs to sPDCCH RB set is prefered to facilitate the sPDSCH to better use the unused resources left by sPDCCH. Based on this, candidates per aggregation level are mapped to the continuous CCEs

	Ericsson
	A sPDCCH candidate of AL > 1 is composed of sCCEs of consecutive logical indexes. sPDCCH candidates of a given AL can exist in all OFDM symbols of the RB set. 

	Nokia, ASB
	The logical indexing of sCCEs depends on the sCCE-to-sREG mapping, which is currently still open. However, after the sCCEs are logically numbered, the candidates of a particular AL are mapped sequentially on the available logical sCCEs in non-overlapping manner. The starting CCE index for each AL can be different and can be configured together with the RB-set. 

	Intel 
	The decoding candidates per aggregation level is operated based on sCCE(s). The sPDCCH candidates mapping to physical resources (i.e. sREGs) over two symbols supposed to be naturely done once the sCCE to sREG mapping is specified. 

	LG Electronics
	As our view on sREG-to-sCCE mapping in Q2 and Q3, we prefer time-first frequency-second sREG-to-sCCE mapping for RB set when the number of symbols is more than one.

	Panasonic
	It is related with time first mapping or frequency first mapping. At least time first mapping should be supported. In this case, the candidate of different aggregation level in each symbol can be different. Like AL1 is mainly in symbol#0,  AL2 and AL 4 are in symbol#1 assuming two symbols.

	Motorola Mobility, Lenovo
	Time first mapping of sREGs to sCCE, and sCCEs are aggregated frequency first.



Summary of views on Question 6:
10 companies participated in responding to this question. 
Based on the companies views, the mapping of the decoding candidates to different symbols is a function of the sREG-to-sCCE mapping. The decision on this matter therefore will be deferred until the sREG-to-sCCE mapping is specified. 
Question7: In your view, should the distributed sREG-to-sCCE mapping be adopted for a DMRS-based sPDCCH? If the answer is yes, please provide your feedback on the potential benefits.
	Company
	Views

	Huawei, HiSilicon
	Yes. Distributed sCCE to sREG mapping could provide frequency diversity gain for sPDCCH transmission at least for those cases that accurate CSI feedback is difficult for DMRS based sPDCCH transmission. 

	Qualcomm
	The distributed sREG-to-sCCE mapping scheme is introduced to realize the channel diversity gain. However, the DMRS-based transmission is primarily used to gain from beamforming. This gain can be realized where the resources are consecutive. Hence, we do not think that distributed sREG-to-sCCE mapping is needed for a DMRS-based sPDCCH.

	Samsung
	No.
When we consider DMRS PRB bundling, the effect of distributed mapping is decreased. 
Again, if the eNB wants to map sPDCCH physically distributed, then the eNB could set the sPDCCH RB set with distributed PRBs. 

	ZTE
	Yes. Similar to EPDCCH, frequency diversity gains could be obtained by distributed mapping.

	Ericsson
	As mentioned by Huawei, accurate CSI is not always available. Although it is not the primary targeted scenario for DMRS based sPDCCH, distributed sREG to sCCE mapping would enable a robust sPDCCH performance based on larger frequency diversity when accurate CSI is not available.
It should be noted that distributed mapping is anyway needed in the specification for CRS based sPDCCH.

	Nokia, ASB
	Yes: As noted in the discussions already, we think that distributed/interleaved mapping should also be supported for DMRS-based sPDCCH as distributed (i.e. diversity) mode will be needed for MBSFN subframes to provide sufficient reliability here. 

	Intel
	Yes. We share the view of Ericsson and Nokia that distributed DMRS-based sPDCCH is at least needed to support for the MBSFN subframe for UEs configured with CRS-based sPDCCH without accurate CSI information. 

	LG Electronics
	Distributed sREG-to-sCCE mapping can be considered for DMRS-based sPDCCH especially for MBSFN subframe. There is no CRS in the PDSCH region of MBSFN subframe, and a robust transmission is needed for DMRS-based sPDCCH. Precoder cycling can be adopted as a robust transmission for DMRS-based sPDCCH with distributed sREG-to-sCCE mapping.

	Panasonic
	Yes, CRS may not exist in most symbols like MBSFN sbuframes.

	Motorola Mobility, Lenovo
	Distributed DMRS-based sPDCCH can provide similar benefits to that of distributed EPDCCH.



Summary of views on Question 7:
10 companies participated in responding to this question. 
· 8 companies (Huawei/HiSilicon, ZTE, Ericsson, Nokia/ASB, Intel, LGE, Panasonic, and Motorola Mobility/Lenovo) are in favor of adopting a distributed sCCE-to-sREG mapping for a DMRS-based sPDCCH.
· 2 companies (Samsung and Qualcomm) propose not to adopt a distributed sCCE-to-sREG mapping for a DMRS-based sPDCCH.

Based on the majority of the views, we have the following proposal:
Proposal 3: A distributed sCCE-to-sREG mapping is supported for a DMRS-based sPDCCH.

Question 8: How many symbols should be considered per RB set for DMRS-based sPDCCH over the 3-symbol sTTIs? If the answer is 2, please provide your view on channel estimation/data demodulationover the orphan data symbol #3. 
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer 3 OFDM symbols for an 3-symbol sTTI for simplicity. 
2 can be considered also. In this case, sharing DMRS REs between sPDCCH and sPDSCH can be considered. For example, if sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s). If sPDCCH and sPDSCH are transmitted to different UEs, sPDCCH and sPDSCH can use different DMRS port(s).

	Qualcomm
	In our opinion, 3 symbols should be used for a DMRS-based sPDCCH over the 3-symbol sTTIs. In other words, control and data should be fully FMD’ed. The reason for this is that if only 2 symbols are used for DMRS-based sPDCCH over the 3-symbol sTTIs, the channel estimation/data modulation for the last symbol becomes complicated. This is illustrated in the figure below.


In this example, the sPDSCH is scheduled for User 1. However, within the RB set, there are UL grants intended for some other users (Users 2/3/…). Hence, in this region, the DMRS ports are precoded according to the channel condition of these users; they cannot be used for channel estimation/data modulation of the data over the last symbol and the portion of the frequency that overlaps with the UL grants.

	Samsung
	3.
This can avoid the orphan symbol, which is the last symbol in 3-symbol sTTI.

	ZTE
	All the 3 symbols should be used for DMRS-based sPDCCH in a 3-symbol sTTI.  

	Ericsson
	3 to simplify the sPDCCH/sPDSCH multitplexing in case of DMRS based demodulation (i.e. pure FDM).


	Nokia, ASB
	We prefer 2 symbols as we don’t see a need for more DL control capacity in 3-symbol sTTIs compared to the other sTTIs. If a DMRS-based sPDCCH is mainly used in/restricted to MBSFN subframe-only, then the same RS in the sPRB can be used for demodulation of data and control, and therefore there will be no orphan symbol.

	Intel
	We prefer to span 3 symbols for DMRS-based sPDCCH in this case to simplify the sPDCCH and sPDSCH multiplexing 

	LG Electronics
	Considering our first preference for the number of sREGs per sCCE in Q1, two symbols can be considered for RB set in DMRS-based sPDCCH over 3-symbol sTTIs. Then, CRS-based sPDSCH can be transmitted in the orphan symbol, and DMRS-based sPDSCH can be FDMed with DMRS-based sPDCCH.
If the alternative with further optimization in Q1 is considered, three symbols can be considered for RB set in DMRS-based sPDCCH over 3-symbol sTTI, which will facilitate the support of multiplexing between sPDCCH and sPDSCH without additional efforts.

	Panasonic
	3 symbols

	Motorola Mobility, Lenovo
	From commonality perspectivce with 2 symbol-sTTI, 2 is beneficial. Also it may be possible to avoid mapping sPDCCH to the CRS containing symbol in sTTI 1 & 5 by choosing two out of three symbols.
DMRS for the orphan symbol can be assigned a different antenna port (AP) or can be assigned the same AP for the same UE for sPDSCH. It may be also possible to use the orphan symbol for CRS-based sPDSCH.



Summary of views on Question 8:
10 companies participated in responding to this question. 
· 6 companies ( Samsung, ZTE, Ericsson, Intel, Panasonic and Qualcomm) propose to consider a 3-symbol RB set for a DMRS-based sPDCCH over a 3-symbol sTTI.
· 2 companies (Nokia/ASB and Motorola Mobility/Lenovo) prefer a 2-symbol DMRS-based RB set to be configured over a 3-symbol sTTI.
· 2 companies (Huawei/HiSilicon and LGE) are fine with both options.

Hence, based on the majority of the view, we have:
Proposal 4: A 3-symbol DMRS-based RB set is configured over a 3-symbol sTTI. 

Question9: For the 1st sTTI within a subframe (a 2-symbol sTTI#0 and slot0), should the control be placed in (1) sPDCCH only, (2) the legacy PDCCH only, (3) the placement can be configurable? For the chosen option, please describe the potential benefits.
	Company
	Views

	Huawei, HiSilicon
	We prefer sDCI transmitted in legacy PDCCH region.
Firstly, transmitting sDCI in sPDCCH may increase the latency because sDCI is transmitted on the symbol(s) after PDCCH region. 
Secondly, it is possible that better performance can be achieved by transmitting sDCI in legacy PDCCH region compared to transmitting in sPDCCH region, at least for CRS based sPDCCH. 
Thirdly, we feel there is no obvious difference on the resource utilization efficiency. Transmitting in sPDCCH region means that sPDCCH resgion always exists even when the legacy PDCCH region is actually sufficient, which may result in unnecessary waste of resource. Meanwhile, dynamic resource adjustment can be done if always transmited in legacy PDCCH region. 

	Qualcomm
	For slot 0, the natural choice is to place the grants within the legacy PDCCH region. Otherwise, as compared to slot1, the control overhead could be larger. Hence, we propose to adopt Option (2) for slot0. For the 3-symbol sTTI0, we do not see any difference between Option (1) and (2). Thus, any of the two approaches can be selected.

	Samsung
	(2).
After receiving up to three symbols in each subframe, a UE needs to decode many things in legacy PDCCH region such as PCFICH, PHICH, and PDCCH. So, in processing time perspective, (2) makes the UE use more time for processing in sTTI0. When we use both (1) and (2) as (3), processing time line may be further studied so that decision would be delayed. 

	ZTE
	We prefer (2) 
Given sDCI for sPUSCH scheduling can be carried by PDCCH when the starting symbol index of the first potential sPDSCH is 2 or 3, the same UE behavior should apply when the starting symbol index of the first potential sPDSCH is 1. Because one design philosophy is to keep the same size for DL sDCI and UL sDCI, sDCI for sPDSCH in DL sTTI #0 scheduling can also be carried by PDCCH without introducing noticeable complexity, such as blind detection. 

	Ericsson
	(3) to give flexibility to the eNB to configure sDCI for sTTI0 on PDCCH for part of the UEs and sDCI on sPDCCH for sTTI0 for the remaining UEs. Our second preference is (1).
If PDCCH is used to schedule sTTI0, PDCCH will carry sTTI DCIs in addition to 1ms TTI DCIs. It may happen that one OFDM symbol is not enough to carry all these DCIs. For small BW as 5MHz, one PDCCH with AL8 will fill up the entire OFDM symbol. 
To fit a different number of DCIs the length of PDCCH can vary in each subframe. The granularity of it is however very coarse. If one symbol PDCCH is not sufficient, an entire 2nd OFDM symbol is added for PDCCH. This is less efficient than sending sTTI DCI on sPDCCH where both FDM and TDM with sPDSCH is possible, so part of the OFDM symbol used for sPDCCH can be reused for data transmission. 
In addition to being less efficient for control/data multiplexing, adding a 2nd OFDM symbol for PDCCH effectively means that sTTI0 can not be scheduled for sPDSCH. This reduces the system capacipty/user throughput achievable with sTTI operation.
Furthermore, with sPDCCH, DMRS based demodulation could be used for control as well (beamforming gain possible). This is not possible with PDCCH.

	Nokia, ASB
	Assuming the question is about sTTI#0 in case of having a 1 symbol PDCCH!?
We prefer (3) the configurable placement as this will give flexibility to the network – or as a second (less prefereable choice) on sPDCCH (1) . As also noted online in Hangzhou, having it fixed to legacy PDCCH will create some issues with being able to have sPDSCH data in sTTI#0 due to varying DL control load in PDCCH, which (from latency point of view) is not desirable.
 
For a PDCCH length of 2 and 3OS, the control in sTTI#0 would always be on legacy PDCCH (as there is no option for sPDCCH):  

	Intel
	We prefer Option (3), which provides flexibity to eNB scheduler to select where to transmit sDCI e.g. based on load of legacy control region.   

	LG Electronics
	We slightly prefer option (2) since option (1) may induce additional latency due to decoding of PCFICH, PHICH, and PDCCH.

	Panasonic
	(1) or (2)

	Motorola Mobility, Lenovo
	(2):  defining additional control resources could potentially limit the amount of resources available for data.



Summary of views on Question 9:
10 companies participated in responding to this question. 
· 6 companies (Huawei/HiSilicon, Samsung, ZTE, LGE, Motorola Mobility/Lenovo and Qualcomm) propose that the sDCI for sTTI#0 of a subframe should be accommodated in the legacy PDCCH region.
· 3 companies (Nokia/ASB, Ericsson and Intel) propose a configurable sDCI placement. Both Nokia/ASB and Ericsson chose option 1 as their second preference.
· 1 company (Panasonic) is fine with both options 1 and 2.

Based on the majority of the views, we have the following:
Proposal 5: The sDCI for sTTI#0 of a subframe is accommodated in the legacy PDCCH region.

Question 10: In your opinion, should a UE search for a 2/3-symbol DMRS-based sPDCCH over the sTTIs containing the CRS symbols? Please provide your feedbacks in terms of the potential benefits or drawbacks.
	Company
	Views

	Huawei, HiSilicon
	Monitoring DMRS-based sPDCCH in sTTIs containing CRS could be considered if DMRS-based transmission mode is configured for sPDSCH transmission for unified sPDCCH detecting behaviors in different sTTIs. In addition, in this way there is no need to solve the problem of ambiguity on the existence of DMRS when detecting CRS based sPDCCH. However, if CRS based sPDCCH scheduling DMRS based sPDSCH is supported, then seems supporting DMRS based sPDCCH in sTTIs containing CRS is not that strong. 

	Qualcomm
	No. As summarized in our response to Question 1, the number of usable tones per RB in the presence of both CRS and a 2-port DMRS is 5. In other words, less than half of the resources are available for sending the control message. In such a case, to provide sufficiently low coding rates, the aggregation level should be larger than 8, which incurs even larger control overhead. As a result, we propose to only allow for a CRS-based sPDCCH in sTTIs containing CRS symbols. 

	Samsung
	Yes.
If DMRS-based sPDCCH can be transmitted over the sTTIs not containing CRS, it is very hard to use DMRS-based sPDCCH, i.e., there are only 2 available sTTIs out of 6. We don’t think this restriction is needed. 

	ZTE
	No. If DMRS based sPDCCH can be transmited in sTTI containing CRS, this would result in a very large overhead of RS in some DL sTTI, e.g. about 58.3% overhead of RS in one sPRB with ports #0-3 and ports #7-8 in DL sTTI #3. Meanwhile, DMRS design should avoid conflict with CRS. So a possible scheme is that DMRS-based sPDCCH cannot be transmitted in DL sTTI containing CRS and the UE is not expected to receive it either.

	Ericsson
	As baseline, the UE should search for a 2/3-symbol DMRS-based sPDCCH in all sTTIs. The RS overhead for DMRS based sPDCCH is particularly bad in sTTI#3 assuming the presence of  4 port CRS in addition to DMRS. Assuming 2 DMRS pairs per RB, the RS overhead in all other sTTIs is similar to the one experienced by a CRS based sPDCCH in sTTI#3 (with 4 port CRS) or lower, assuming 2 DMRS pairs per RB. The reason for restricting DMRS based sPDCCH monitoring in a sTTI other than sTTI#3 is not clear. 

	Nokia, ASB
	Having DM-RS or CRS based sPDCCH used (by configuration) should be up to the network – and therefore DMRS-based sPDCCH should be supported also in sTTIs/SF containing CRS. In case the network would like to use precoded DL control transmission, DMRS-based sPDCCH will be needed. 

	Intel
	Yes. The DMRS-based sPDCCH resource set, once configured for a given UE by network, should be monitored in the time instances. Whether the time intances for DMRS-based sPDCCH monitoring is configurable or not should be dicussed and concluded  in RAN1. 

	LG Electronics
	If a UE is only allowed to monitor DMRS-based sPDCCH on sTTIs not containing the CRS symbols, scheduling restriction seems to be imposed upon the network. With such restriction, the network needs to switch transmission scheme across different sTTIs and correspondingly a UE also needs to switch its behavior on sPDCCH monitoring.

	Panasonic
	Yes, a UE can search for a 2/3-symbol DMRS-based sPDCCH over the sTTIs containing the CRS symbols. It depends on sPDCCH configuration.

	Motorola Mobility, Lenovo
	Yes. We don’t prefer such a restriction and also optimizing for the 4 port CRS scenario. 



Summary of views on Question 10:
10 companies participated in responding to this question. 
· 5 companies (Samsung, Nokia/ASB, LGE, Panasonic and Motorola Mobility/Lenovo) propose no restriction on the configuration of a DMRS-based sPDCCH over the sTTIs containing CRS symbols.
· 2 companies (ZTE and Qualcomm) propose to no support DMRS-based sPDCCH in sTTIs containing CRS symbols.
· 1 company (Huawei/HiSilicon) mentions that the need for configuring the DMRS-based sPDCCH in sTTIs containing CRS symbols is not strong if CRS-based sPDCCH can schedule a DMRS-based sPDSCH.
· 1 company (Ericsson) mentions that the restriction may only be needed in sTTI#3.
· 1 company (Intel) suggests to have a more discussion in RAN1.

Based on the companies’ views, more discussion on this topic is needed.

Question 11: For the 2-symbol sTTI operation, can the RB sets spanning a different number of symbols share the same RB? If yes, please also provide your view on the possible benefits.
	Company
	Views

	Huawei, HiSilicon
	We feel there is no strong motivation for sharing among RB sets with different number of OFDM symbol(s) considering different mapping rule may be applied to different RB sets. However, it could be up to eNB. 

	Qualcomm
	If there is a need to configure overlapping RB sets, e.g., to increase the eNB scheduling flexibility, only one of these RB sets should be used to send DL/UL grants. The reason is that when partially-overlapping RB sets are configured for different users, if both are used to send sDCI,  it would be very challenging to claim the unused sPDCCH resources in one of them for the sPDSCH transmission to the other one. In general, it is up to the eNB implementation to make sure that even when the RB sets are overlapping, only one RB set is used at a time.  

	Samsung
	Yes, two RB sets can share the same RB.
Bbefore discussing about benefits, there is no reason to restrict it. The eNB will decide how to configure the sPDCCH RB sets. There is no benefit to partition PRBs for 2OS and 7OS sTTIs.

	ZTE
	It could be possible to have this case but the motivation is unclear. 

	Ericsson
	The eNB should be able to include any RB in a RB set. So, overlapping RB sets may be configured. However, this is not the main targeted operation mode.

	Nokia, ASB
	We do not see a reason by specification to prevent certain configurations for a single as well as different UEs. But RAN1 should not try to optimize the sPDCCH operation for this case. In addition, configuring one RB set on top of the other RB set prevents unnecessary fragmentation of control resources. 

	Intel
	We do not see the need of restriction on partial overlapping between control resource sets in spec and could be left for eNB scheduler.  

	LG Electronics
	The RB sets spanning a different number of symbols can share the same RB. It seems that there is no specific reason to restrict the scheduling flexibility of eNB.

	Panasonic
	Yes, it is up to network configuraion. More flexible configuration on each RB set.

	Motorola Mobility, Lenovo
	It is possible, however, unallocable control resources to sPDSCH may increase.



Summary of views on Question 11:
10 companies participated in responding to this question. 
The majority of the views is that the RB sets spanning a different number of symbols can share the same RB(s).
· Huawei/HiSilicon mentions that although it is up to the eNB scheduler, there might not be a strong need to share the same RBs.
· ZTE mentions that although sharing is possible, but the motivation is unclear.
· Ericsson mentions that it is possible to have overlapping RB sets with different number of symbols, but it is not the main mode of operation.
· Motorola Mobility/Lenovo mentions that it is possible, but comes at the cost of reducing the sPDCCH resources that can potentially be claimed for sPDSCH.
· Qualcomm mentions that if RB sets are overlapping, the eNB scheduler should make sure that only one of them is active.

Based on the company views:
Proposal 6: In the 2-symbol sTTI operation, there is no need to restrict the RB sets with different number of symbols to be fully non-overlapping by specification.  

Question 12: Can the RB sets associated with the 2-symbol and 1-slot operations share the same RB? If yes, please provide a summary of the benefits. Also, please mention if your preferred solution may have any specification impact.
	Company
	Views

	Huawei, HiSilicon
	Yes we feel sharing RB(s)between sPDCCH RB set for 2-symbol operation and sPDCCH RB set for 1-slot operation (e.g. same RB set(s) for 2-symbol operation and 1-slot operation) should be supported. Firstly, it could provide more frequency diversity gain for sPDCCH since wider bandwidth can be configured for each sPDCCH RB set. Secondly, it may reduce the sPDCCH blocking probability since more resource available. Thirdly, it provides more flexibility for sPDSCH scheduling since 1-slot sPDSCH scheduling is not limited to the bandwidth for 1-slot sTTI.  
If sharing RB(s) between sPDCCH RB set for 2-symbol operation and sPDCCH RB set for 1-slot operation is applied, it is possible that more sPDCCH candidates to be monitored in this sTTI than remaining sTTIs. The sPDCCH candidate configuration should allow this possibility.  

	Qualcomm
	In general, the multiplexing of the 2-symbol and 1-slot RB sets can be left to the eNB scheduler without any specification impact. The eNB scheduler should make sure that the RB sets used for the 1-slot sTTI users do not overlap with resources assigned for the 2-symbol sPDSCHs and vice versa. 
As an example, considering the Resource Management Block (RMB) as introduced in details in R1-1708776 or equivalently sRBG (a scaled version of legacy RBG) as a minimum unit for resource assignment for the 2-symbol operation, the eNB scheduler should guarantee that the sRB sets conveying the 1-slot DL/UL grants are not placed within an RMB/sRBG scheduled for a 2-symbol sTTI user. This is because users are agnostic with regard to the presence of other UEs’ RB sets, and hence, cannot rate-match around their corresponding resources.   

	Samsung
	Yes. 
Similarly to Q11, before discussing about benefits, there is no reason to restrict it. The eNB will decide how to configure the sPDCCH RB sets. There is no benefit to partition PRBs for 2OS and 7OS sTTIs. 

	ZTE
	Yes.
Since there is no difference between 2-symbol and 7-symbol sPDCCH structures, it would be possible to share the same RB for 2-symbol RB set and 7-symbol RB set. But, if allowed, the configured RB sets should have the same number of OFDM symbols.

	Ericsson
	Yes, 2-symbol sPDCCH and slot based sPDCCH can share the same RB. No specification change is needed. The eNB will have to handle some scheduling restrictions to ensure good multiplexing between slot and 2os TTI operation.

	Nokia, ASB 
	As to question 11, we do not see a need to prevent by specification any type of configuration. And in this case, the configuration would anyhow be for different UEs (as only a single DL sTTI length is supported for a single UE within a PRB set). We do not expect any specification impact. Therefore, eNB if wants can configure the same RB-set for all 2OS and 7OS UEs, this prevents fragmentation of control resources.

	Intel
	Yes. It is up to eNB scheduler with tradeoff between scheduling flexibility and resource efficiency and no spec impact. 

	LG Electronics
	The RB sets associated with the 2-OS and 1-slot sTTI can share the same RB considering the scheduling flexibility for the RB set. However, the eNB needs to consider the blocking probability when it schedules RB sets to share the same RB.

	Panasonic
	Yes, it is up to network configuration.

	Motorola Mobility, Lenovo
	Yes. 

No specification impact unless significant gain is attained otherwise (e.g., in terms of reuse of unused control resources for sPDSCH). 



Summary of views on Question 12:
10 companies participated in responding to this question. 
· All companies agree that the RB sets configured for the 1-slot and 2-symbol sTTIs may be overlapping, and this is up to the eNB scheduler. Hence, there is no specification impact.
· ZTE mentions that in case the RB sets are overlapping, their number of configured symbols should be identical.
· LGE mentions that the eNB should consider the blocking probability.
· Qualcomm mentions that the eNB scheduler should make sure that the RB set of the 1-slot sTTI do not overlap with the resources assigned for the 2-symbol sPDSCH and vice versa.  
Proposal 7: Whether the RB sets associated with the 2-symbol and 1-slot sTTI operations are overlapping, partially-overlapping, or non-overlapping is not determined by the specification. 



Question 13: For the 2-symbol operation, should a UE’s RB set be fully contained in one shortened RBG (sRBG)? If yes, please mention the possible reasons.
	Company
	Views

	Huawei, HiSilicon
	It depends on the granularity of sRBG. If the sRBG size is big enough, it is possible that an sPDCCH RB set could be fully contained in one sRBG. But if the sRBG size is small, then it is hard to achieve this. 

	Qualcomm
	Yes, we strongly believe that for the proper implementation of a 2-symbol sTTI operation, the UE’s RB sets should be fully contained in one sRBG (or equivalently, the resource management block (RMB) as described in R1-1708776 in details.) The benefits of this proposal is twofold: First, each sRBG should be assigned to one user. By accommodating the UE’s RB set within a given sRBG, it can automatically be assigned to the same UE. This reduces the resource assignment indication overhead. As the calculations presented in response to Question 1 illustrates, reducing the sPDCCH overhead is critical, and should be the main objective of the sPDCCH design. Second, such a structure makes the claiming of the unused sPDCCH resources for sPDSCH transmission quite straightforward. The unused resources within a given RB set will be assigned to the UE which receives its DL grant within the RB set, i.e., the same user that is assigned the sRBG containing the RB set. Under such a design, no extra indication is needed. On the other hand, if an RB set is not fully contained within an sRBG, more bits are needed for indicating which user is assigned with the unused sPDCCH resources.

	Samsung
	No. 
If there is only one sTTI UE in a system, the PRB alignment between sPDCCH RB set and sRBG may be beneficial. In symbols for control, there are multiple DCIs for multiple UEs. Also, there are multiple sPDSCH for multiple UEs. Therefore, the alignment is not necessary.

	ZTE
	There is no explicit relation between sRBG and RB set. 
A sRBG may contain several RBGs, that means the size of sRBG is dependent on system bandwidth. But the size of RB sets for sPDCCH is independent on system bandwidth. So there is no explicit relation between sRBG and RB set. 

	Ericsson
	No. We are more in favor of moderate RBG size increase for sTTI. So, it appears difficult to fit the entire RB set in a sRBG. 

	Nokia, ASB
	We don’t think such restriction will be needed. Specifically, as for distributed/interleaved mapping the RB set may have PRBs configured from different shortened RBGs, to maximize the diversity 

	Intel
	First,  it is unclear for us regarding the sRBG definition/size and how it would be used or impact sPDCCH transmission and sTTI operations. In general, always restricting the sPDCCH resource set into a sRBG may unnecessarily cause sPDCCH performance degradation and should be well justified.      

	LG Electronics
	The size of sRBG needs to be determined first. Even if the size of sRBG is determined to be large enough, we don’t see a strong motivation for imposing a restriction for the location of the RB set to be fully contained in a single sRBG. We also need to consider the benefit of scheduling flexibility for RB set as well as the multiplexing between control and data.

	Panasonic
	It is up to network configuration.

	Motorola Mobility, Lenovo
	In general depends on the # of symbols used for sPDCCH and the sRBG size. It is desired to confine it to an sRBG (which can contain non-contiguous physical RBs) to facilitate utilization of unused control resources for sPDSCH.



Summary of views on Question 13:
10 companies participated in responding to this question. 
· 2 companies (Motorola Mobility/Lenovo and Qualcomm) support the idea that the RB set configured for a UE should be fully contained in its allocated sRBG.
· 2 companies (Huawei/HiSilicon and LGE) propose that the size of the sRBG should be decided first.
· 1 company (Intel) proposes that the need for this should be well justified.
· 5 companies (Samsung, ZTE, Ericsson, Nokia/ASB and Panasonic) propose that there is no need to restrict the RB set to be within the sRBG.
Based on the companies’ views, whether the 2-symbol sTTI RB set is necessarily contained within the sRBG or not, will be decided after the sRBG size is specified. 

Question 14: If your response to Question 13 is yes, how should the RB sets associated with different 2-symbol sTTI users be managened within each sRBG? 
	Company
	Views

	Huawei, HiSilicon
	If the sRBG size is big enough to contain the a RB set, the sPDCCH RB sets for different users can be overlapped or separate, depends on how to indicate the unsued sPDCCH resource allocation. 
In one example, it is possible that only  the DL assignment corresponding to the sPDSCH with resource allocation including the sRBG is transmitted in the RB set within this sRBG. For UL grants, the UL grant from different users could be transmitted in the RB set within this sRBG also. In this case, the last sCCE for UL grant transmission could be indicated. 

	Qualcomm
	As mentioned in response to Question 13, the UE1 that receives a DL grant sent in the RB set within an sRBG will automatically be scheduled over the same sRBG. Now, if there exists another RB set configured for a different UE within the same sRBG (either non-overlapping or partially overlapping with the RB set configured for UE1), indication of which sPDCCH resources are not used becomes challenging. This is because UEs are unaware of the RB sets configured for other UEs. As a result, in general, the UEs’ RB sets configured within each sRBG should either be identical or even if they are not, one of them should be used at a time (i.e., only one is active.) As an example, the RB sets configured with CRS-based sPDCCH and DMRS-based sPDCCH could be different as long as only one of them is active within a given sRBG, i.e., either a user with a CRS-based sPDCCH receives a DL grant or a user with a DMRS-based sPDCCH receives a DL grant within a given sRBG. 
Based on this discussion, we propose the following: (1) The “active” RB sets configured with a CRS-based sPDCCH for different users are identical within a given sRBG, and (2) The “active” RB sets configured with a CRS-based sPDCCH for different users are identical within a given sRBG.

	Samsung
	(Even though we answer as “No” in Q13, we provide our view with the assumption of “Yes” in Q13.)
Without considering multiplexing of sPDCCH and sPDSCH for sTTI UEs and with only considering RB sets for two sTTI UEs, it is possible for two RB sets to be in the same sRBG. This is because the sPDCCH RB sets can be configured with PRB-level bitmap.

	Motorola Mobility, Lenovo
	By scheduling restrictions.



Summary of views on Question 14:
As mentioned in the summary of Question 13, the decision on this topic will be made after the sRBG size is specified.








Question 15: Should the maximum number of symbols per RB set for CRS-based sPDCCH for 1-slot sTTI be set to 3? Please provide your reasons.  
	Company
	Views

	Huawei, HiSilicon
	No. 
Firstly, it would make it hard to share the same sPDCCH set between 2-symbol sPDCCH and 1-slot sPDCCH, which may loose frequency diversity gain for both 2-symbol sPDCCH and 3-symbol sPDCCH. 
Secondly, it may increase additional specification work for 1-slot sTTI compared to 2-symbol sTTI. Unified design for 2-symbol sTTI operation and 1-slot sTTI operation is preferred. 
Thirdly, even without supporting 3-symbol sPDCCH, multiplexing of 1ms TTI and 1-slot sTTI could still be efficient, because UEs capable of 1-slot sTTI can be scheduled 1ms PDSCH which is mapped to the 1-slot sPDCCH frequency band with rate matching around the 1-slot sPDCCH resource, since the sPDCCH resource is known to a UEs capable of 1-slot sTTI. Therefore no strong motivation to support 3-symbol sPDCCH for 1-slot sTTI.  

	Qualcomm
	No, the maximum of 2 symbols per 1-slot RB set should be sufficient. Although the legacy control region could span over up to 3 symbols, this region should accommodate the grants for both the legacy users as well as the grants associated with slot0 of each subframe. Hence, from capacity perspective, since no legacy grant is sent over the control region of slot1, configuring up to two symbols per RB set should be sufficient.

	Samsung
	No.
Our view is to use legacy PDCCH for sDCI in the first slot in each subframe. So, the sPDCCH RB set for slot sTTI is only for the second slot in each subframe.
We prefer to use up to 2 symbols unless there is a strong motivation to use 3 symbols in the second slot sPDCCH. One reason is multiplexing between 2OS sTTI and 7OS sTTI in the same PRB. 

	ZTE
	No
It was agreed in RAN1 #88bis meeting that the number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer. In order to keep the multiplexing simple between sPDCCH in sTTI #1 of 1-slot sTTI and sPDCCH in sTTI #3 of 2OS sTTI, sPDCCH design (at least the PRB set/search space and resource allocation) for 2-OS DL sTTI and 1-slot DL sTTI should be unified as much as possible, which means resources of sPDCCH in DL sTTI #1 of 1-slot DL sTTI and in DL sTTI #3 of 2OS sTTI need to be aligned in time domain. So 3 OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is no need to be introduced.

	Ericsson
	No. We do not see a strong motivation for supporting 3 symbol sPDCCH. One reason could be to reduce the impact of the high RS overhead on the second slot sPDCCH in case of DMRS based demodulation. 

	Nokia, ASB 
	Yes. We think that this should be left for eNB configuration. This provides the network the flexibility to operate with a smaller number of PRBs in the RB set. Furthermore, support of 3OS long CRS-based sPDCCH increases the control capacity, and if eNB operates only slot-based sTTI UEs, then there are no issues with slot and 2/3-OS sTTI multiplexing. On the other hand, the answer to this question depends also on where the DMRS for sPDSCH will be place.

	Intel
	No. We do not see clear motivation to support 3-symbols sPDCCH configuration in the 2nd slot. 

	LG Electronics
	No. Two symbols seem to be enough as the maximum number of symbols per RB set for CRS-based sPDCCH for 1-slot sTTI. With this approach, the operation of CRS-based sPDCCH for 1-slot sTTI can be aligned with that for 2-OS sTTI.

	Panasonic
	No strong view

	Motorola Mobility, Lenovo
	Preferably “no” as this could complicate multiplexing of 2OS and 7OS UEs (e.g., in terms of utilizing unused sPDCCH resources for sPDSCH).



Summary of views on Question 15:
10 companies participated in responding to this question. 
· 8 companies (Huawei/HiSilicon, Qualcomm, Samsung, ZTE, Ericsson, Intel, LGE and Motorola Mobility/Lenovo) propose that the maximum number of symbols per CRS-based RB set for the 1-slot sTTI should be 3 smaller than 3.
· 1 company (Nokia/ASB) proposes that the maximum number of symbols per CRS-based RB set for the 1-slot sTTI should be 3.
· 1 company (Panasonic) has no strong view.
Proposal 8: For the 1-slot sTTI operation, the maximum number of symbols per CRS-based RB set is 2. 

Question 16: What is the maximum number of antenna ports for employing SFBC for CRS-based sPDCCH?  
	Company
	Views

	Huawei, HiSilicon
	For simplicity, the number of antenna ports for CRS-based sPDCCH transmission can be the same as that for legacy PDCCH transmission. 

	Qualcomm
	In our view, both the 2-port and 4-port SFBC can be employed for CRS-based sPDCCH. The same as the legacy LTE, the number of ports to use is implicitly indicated through PBCH.

	Samsung
	Maximum 4 ports can be supported.

	ZTE
	Maximum 4 ports can be supported. 

	Ericsson
	2 ports or 4 ports depending on PBCH. The same rule as in legacy can be applied. The same CRS ports as used for PBCH are used for CRS based sPDCCH. 

	Nokia, ASB
	The same number of antenna ports than for legacy PDCCH should be used. 

	Intel
	2-port or 4-port as in legacy LTE system. 

	LG Electronics
	Considering that there will be no DMRS for CRS-based sPDCCH, the maximum number of antenna ports for SFBC for CRS-based sPDCCH can be 4 as in the legacy PDCCH.

	Panasonic
	2. Four antennas to do SFBC is complicated but the performance may be no big difference with 2 antennas to do SFBC.



Summary of views on Question 16:
9 companies participated in responding to this question. 
· 2 companies (Huawei/HiSilicon, Nokia/ASB) propose to adopt the same number of antenna ports as in the legacy PDCCH.
· 2 companies (Ericsson and Qualcomm) propose that both the 2-port and 4-port SFBC can be adopted, where the number of ports is the same as that indicated by the PBCH.
· 4 companies (Samsung, ZTE, Intel and LGE) consider 4 as the maximum number of antenna ports for employing SFBC for CRS-based sPDCCH.
· 1 company (Panasonic) considers 2 as the maximum number of antenna ports for employing SFBC for CRS-based sPDCCH. 
Proposal 9: For employing SFBC in CRS-based sPDCCH, the maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH.

Question 17: Assuming an X-port SFBC is adopted for CRS-based Spdcch, the number of usable tones per sREG may not be a multiple of X. In such a case, how should the orphan REs be treated?
	Company
	Views

	Huawei, HiSilicon
	A rule can be considerd to avoid orphan REs in an Sreg. For example, some blank REs can be reserved if needed. 

	Qualcomm
	When only CRS is present over a given symbol, the number of usable tones per RB is always a multiple of 4. Hence, both the 2-port and 4-port SFBC can be implemented. However, in the presence of CSI-RS, some REs may remain orphan. As an example, if a 2-port CSI-RS is configured for a UE, the number of usable tones per Stti is 11. If a 2-port SFBC is adopted, there exists one orphan RE. If a 4-port SFBC is adopted, 3 REs are orphan. To handle this issue, we propose the following: (1) If a 2-port SFBC and a W-port CSI-RS are configured for a user, the user should consider the CSI-RS pattern associated with a Z-port CSI-RS, where Z = max(W,4), and rate-match around the corresponding resources within the Stti, and (2) If a 4-port SFBC and W-port CSI-RS are configured for a user, the user should consider an 8-port CSI-RS pattern (given that the maximum number of CSI-RS ports is 8), and rate-match around the corresponding resources. Under this proposal, the number of usable tones per RB is always a multiple of 2 if a 2-port SFBC is adopted, and a multiple of 4 if a 4-port SFBC is adopted.

	Samsung
	Simply skiping the orphan REs can be applied. 

	ZTE
	When CSI-RS are transmitted and collision with a Sreg, (option 1) CSI-RS would be dropped and no orphan RE for the Sreg, (option 2) the RE(s) of the Sreg are punctured to transmit CSI-RS.

	Ericsson
	The issue of orphan REs needs to be solved. Rate matching around fictive CSI-RS REs or blank REs can be used. But these solutions do not appear very attractive. Since there are limited nr of resources in a Stti,  each RE in a Stti is precious and should be used efficiently. Indeed, the gains of TxD could be lost due to reduced efficiency from the rate matching.

	Nokia, ASB 
	SFBC is always using a multiple of 2 antenna ports and therefore the orphan RE issue (and the number of orphan REs) will be the same for 2 and 4 ports SFBC. The legacy orphan RE handling could be used. 
Moreover, orphan symbols occure only due to CSI-RS presence. An Enb may avoid an issue with wise configuration. Typically, TM9 is applied in  >=4Tx scenarios resulting in 2RE per RB (4Tx) and 4RE per RB (8Tx). The issue can be left to Enb implementation. 

	Intel 
	We share the same views from Nokia. 

	LG Electronics
	If the number of available tones in sREG is not a multiple of that of the port for SFBC, an orphan REs in sREG may not be used for the transmission of control information.

	Panasonic
	This RE can be jointly treated with other sREG’s orphan RE using SFBC. Otherwise, the RE is punctured or rate matched.



Summary of views on Question 17:
9 companies participated in responding to this question. Different solutions are proposed: reserving blank REs (Huawei/HiSilicon), skipping the orphan REs (Samsung and LGE), dropping the CSI-RS (ZTE), puncturing the REs (ZTE and Panasonic), rate-matching around the fictive REs (Ericsson and Qualcomm) or around orphan REs (Ericsson and Panasonic), adopting the legacy orphan RE handling or leaving the issue to be handled by the eNB scheduler (Nokia/ASB and Intel.)
Based on the companies’ views, more discussion is needed to converge to an acceptable solution.

Summary of the Proposals

Proposal 1: For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping, the time-first frequency-second sCCE-to-sREG mapping is adopted. 
Proposal 2: For an RB set configured with more than 1 symbol and the distributed sCCE-to-sREG mapping, the freq-first time-second sCCE-to-sREG mapping is adopted.
Proposal 3: A distributed sCCE-to-sREG mapping is supported for a DMRS-based sPDCCH.
Proposal 4: A 3-symbol DMRS-based RB set is configured over a 3-symbol sTTI. 
Proposal 5: The sDCI for sTTI#0 of a subframe is accommodated in the legacy PDCCH region.
Proposal 6: In the 2-symbol sTTI operation, there is no need to restrict the RB sets with different number of symbols to be fully non-overlapping by specification.  
Proposal 7: Whether the RB sets associated with the 2-symbol and 1-slot sTTI operations are overlapping, partially-overlapping, or non-overlapping is not determined by the specification. 
Proposal 8: For the 1-slot sTTI operation, the maximum number of symbols per CRS-based RB set is 2. 
Proposal 9: For employing SFBC in CRS-based sPDCCH, the maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH.
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