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Introduction
The objective of this email discussion is to collect the viewsof companies on the remaining design aspects of sPDCCH for the sTTI operation.The set of presented questions are related to the remaining issues on:
· RB set configuration
· Number of sREGs per sCCE for DMRS-based sPDCCH
· Channel estimation for DMRS-based sPDCCH
· Distributed mapping for sPDCCH.

Questions 
RB Set Configuration:

	FromRAN1#90:

	Agreement:
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space. 



Question 1: Considering the above mentioned ALs, what is the maximum size of an sPDCCH RB set?  
· Option 1: The maximum number of RBs should be sufficient for one DL sDCI with AL = X and one UL sDCI with AL = Y
· If your choice is option 1, please state the possible values for X and Y.
· Option 2: The maximum number of RBs should be suffiecient for only one sDCI with AL = 8.
· Option 3: If your choice is different from Option 1 and 2, please state your preference. 
	Company
	Views

	Nokia, Nokia Shanghai Bell
	Option 3: We do see any need to restrict the number of RBs within a RB set and this should be up to eNB configuration. Moreover, looking at the Options given above for both Options 1 & 2, there might not be sufficient space in the RB set to transmit multiple sDCIs with different ALs (incl. the highest possible of AL=8)

	ZTE, Sanechips
	We slightly prefer Option2, which is the same as the design in EPDCCH(a set with 8 PRBs only contains one candidate of maximum AL=32). 

	Huawei, HiSilicon
	

Option 3. There is no need to restrict the maximum number of RBs and it is up to eNB configuration. Furthermore, to avoid the waste of sREGs which cannot form an sCCE in an sPDCCH RB set and for simplicity, the number of RBs per sPDCCH RB set can be, where a is a non-negative integer andis the number of sREGs belonging to an sCCE.

	Samsung
	Option 3. There is no need to restrict the maximum number of RBs for RB sets. Because anyway the UE supports all system BW, the maximum number of RBs for a RB set can be up to the system BW.

	Ericsson
	Option 3 is preferred (no restriction). 
The sPDCCH RB set size should be defined to support high order diversity as well as avoiding excessive control overhead. It depends on: mainly system bandwidth, sTTI length, number of UEs sharing the same sPDCCH RB set and the number of candidates to be monitored at each configured UE’s aggregation level. 
For simplicity, the sPDCCH RB set should be a multiple of sCCEs. If option 2 is chosen, X and Y should support the highest AL, AL8.  Considering two AL8 candidates, e.g. one DL sDCI and one UL sDCI, within the same CRS-based sPDCCH RB set, i.e. 16 sCCEs, requires 64 RBs for 1os sPDCCH or 32 RBs for 2os sPDCCH (since 4 sREG per sCCE are needed). This may lead to an excessive overhead depending on the system bandwidth and TTI length. Therefore, the sPDCCH RB set size should be left to eNB configuration. 

	Qualcomm
	In our view, Option 2 can be considered, which leads to 32 RBs (1*12) for CRS-based sPDCCH, and 32 RBs (1*12) for DMRS-based sPDCCH if Option 3 of Question 5 is adopted.
It is worth emphasizing that to ensure that the UE can meet the its turnaround time, similar to ePDCCH, the max. size of the RB set should be defined. It does not seem to be reasonable to expect the UE to handle any given control decoding complexity (i.e., any RB set size configured by the eNB), while meeting the processing timeline.
To clarify this point, let us consider a 2-symbol CRS-based sPDCCH with 2 candidates of AL = 8, 2 candidates with AL = 4 and 2 candidates with AL = 2. Further, consider the system bandwidth of 20Mhz and assume that a single grant is sent for a given user. Since each sCCE = 4 sREG, the size of the 2-symbol RB set is 56RBs. To decode the control, the UE then has to demap and decode 56RBs to acquire the single grant. Then, assuming the sPDSCH for this user spans the remaining part of the bandwidth (i.e., the UE rate-matches around its sPDCCH only), the UE has to demap and decode almost half of the RBs twice; once for control blind decoding and the second time for data decoding. As another example, if 6 candidates with AL = 8 are configured, the UE has to demap and decode the entire system bandwidth twice.Hence, to meet very tight turnaround times, the UE’s complexity will increase significantly. We also would like to note that the maximum RB set size is already defined for EPDCCH in order to keep the UE’s complexity at a reasonable level.

	Intel
	Option 3. The PRB sets for sPDCCH is configured by RRC on a per UE basis. As the blind decoding attempts and corresponding ALs are configurable for given UE, it is up to network to properly configure the sets size of sPDCCH and the supported ALs. 

	KT
	Option 3. We don’t need this kind of restiricton. Maximum number of RBs in PDCCH RB set is fully up to eNB configuration. 

	LG Electronics
	Option 3. The maximum number of RBs for a sPDCCH RB set just needs to be up to eNB configuration for flexible sPDCCH RB set scheduling.

	Motorola Mobility, Lenovo
	Option 3: No need to restrict the maximum number of RBs. 









Summary of the views on Question 1:
10 companies responsded to this question:
· 8 companies (Nokia/NSB, Huawei/Hisilicon, Samsung, Ericsson, Intel, KT, LGE and Motorola/Lenovo) propose that there is no need to define the maximum size for an sPDCCH RB set.
· 2 companies (ZTE/Sanchips and Qualcomm) proposed to adopt Option 2. Qualcomm also explained the impact of not defining the maximum RB set size and its complexity on the UE. 
Based on the majority of the views, we have the following proposal:
Proposal 1: No maximum size needs to be specified for an sPDCCH RB set.

Question2: In your view, what is the granularity of RB allocation for configuring an sPDCCH RB set? For the preferred option, please state the reason(s).
· Option 1: 1 RB
· Option 2: The granularity of RB allocation is .
· If your choice is option 2, please provide the possible values for . 
	Company
	Views

	Nokia, Nokia Shanghai Bell
	Option 1: We do not see any reason to restrict the granularity in the number of RBs and should be up to Enb configuration in general. In case DM-RS bundling for DM-RS based Spdcch is supported, then some related restrictions might need to apply for a DM-RS based Spdcch RB set. Otherwise, singalling design is up to RAN2.

	ZTE, Sanechips
	Option 1. RB allocation for EPDCCH can be reused, and the granularity of one RB provides better flexiblility. 

	Huawei, HiSilicon
	Option 2. The value of N can be equal to RBG size of legacy LTEfor better multiplexing of Spdcch RB set and legacy PDSCH. 

	Samsung
	Option 1. Any issues related to this can be up to the Enb implementation.

	Ericsson
	We prefer option 1. If DMRS bundling is always applied for DMRS based Spdcch, option 1 also allows Enb to configure groups of consecutive RBs.

	Qualcomm
	Option 2. Under some architectures, this option helps the UE to complete the Spdcch decoding faster. The issues related to the UE complexity cannot be left to Enb implementation. Further, please note that the size of an Spdcch RB set is much larger than that of the EPDCCH. Hence, it is reasonable to increase the allocation granularity as well. The value of N can be chosen in one of the two ways: (1) A fixed value for all system bandwidths, for example N = 2. If Option 3 of Question 5 is supported, the granularity of RB set allocation will be the same as the number of RBs that a single DMRS-based Scce occupies. Then, the Sprg size can also be the same. (2) The value of N is the same as the legacy RBG size. In our view, a fixed value of N = 2 is more preferred for the reasons mentioned above.

	Intel 
	We are fine with Option 1 to provide full flexibility of sPDCCH resource allocation. 

	KT
	Option 1. Same view with Nokia. 

	LG Electronics
	Option 1. The granularity of RB allocation needs to be up to eNB configuration. As agreed in RAN1 #89 meeting, the RB allocation method for EPDCCH would be reused and option 2 can also be implemented by eNB configuration, if needed.

	Motorola Mobility, Lenovo
	Option 2: The RB-set allocation uses a frequency domain granularity in multiple of RBs/RBGs. The multiplicity factor may depend on the system BW and/or sCCE size in RBs.





Summary of the views on Question 2:
10 companies responsded to this question:
· 7 companies (Nokia/NSB, ZTE/Sanechips, Samsung, Ericsson, Intel, KT and LGE) proposed that the granularity of the RB allocation for configuring an sPDCCH RB set is 1 RB.
· 3 companies (Huawei/HiSilicon, Qualcomm and Motorola/Lenovo) proposed that the granularity of RB allocation is N, where N can be defined either based on the RBG size or a constant larger than 1.
Based on the companies’s views and Proposal 7, we have the following proposal:
Proposal 2: The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.
· Based on Proposal 7, more discussions is needed for the DMRS-based sPDCCH.

Question 3: Should different RB sets be configured for different sTTIs (for example, for 2-symbol and 3-symbol DMRS-based sPDCCH) or different subframes (for example, MBSFN and non-MBSFN subframes)? If the answer is Yes for each of the mentioned cases, please state your reason(s) and preferred solution for the configuration.
	Company
	Views

	Nokia, Nokia Shanghai Bell
	Yes. It is already clear, that we need different RB sets at least for different subframe types – as CRS based sPDCCH based on the decision would not be available for non-MBSFN subframes. 
We don’t see a need for a varying frequency resource within a subframe for a single sPDCCH RB set (i.e. no variation in terms of number of RBs of 2OS or 3OS sTTIs in a subframe). 
The variation in time domain on sUSS from sTTI to sTTI could be configured within a single sPDCCH RB set, similar as discussed during RAN1#90 with M=2 sets or in the search space email discussion 90-07 with N=2 having a certain AL candidate distribution. Alternatively, to enable such variation also two different sets could be configured where for some sTTIs there would not be any sPDCCH candidates. 


	ZTE, Sanechips
	Yes. 
It was agreed CRS-based sPDCCH is only applied to non-MBSFN subframe. 
DMRS-based sPDCCH can be configured in partial or all sTTI with considering the overhead of reference signal in non-MBSFN subframe.

	Huawei, HiSilicon
	Yes. 
If CRS-based sPDCCH is configured, since CRS-based sPDCCH is only applied to non-MBSFN subframe, DMRS-based sPDCCH RB set(s) need to be configured for sDCI monitoring in MBSFN subframe.
For DMRS-based sPDCCH monitoring, as our reply to Q2 in email discussion [90-07], the RS overhead in non-MBSFN subframe and MBSFN subframe may be different even in an sTTI with the same sTTI index, therefore it is mostly likely that the aggregation level and/or the orresponding number of sPDCCH candidates to be monitored in non-MBSFN subframe and MBSFN subframe is different, which may result in that some other parameter(s) like PRB allocation for sPDCCH RB set in non-MBSFN subframe and MBSFN subframe is different. Therefore, it is preferred to support separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe.
For different sTTIs in a subframe, one sPDCCH RB set is preferred for simplicity and also for reduce the signaling overhead for RB set configuration. As discussed in Q3 in email discussion [90-07], multiple values of the number of sPDCCH candidates can be configured for each aggregation level to support different number of sPDCCH candidates in a subframe. 

	Samsung
	No.
We don’t see a need to have multiple RBs sets for different TTI lengths.
Also for MBSFN/non-MBSFN subframes, if the eNB would like to use all subframes, then the eNB will configure DMRS-based sPDCCH. 

	Ericsson
	Yes, for different subframes as CRS based sPDCCH is only applied to non-MBSFN subframes. 
The sPDCCH RB set(s) configured to be monitored by a UE could be the same for the different sTTIs within a subframe. The number of sPDCCH candidates per AL within a RB set could vary from sTTI to sTTI. The configuration of this is covered in the email discussion [90-07]. 

	Qualcomm
	As explained by others, a UE can be configured with different RB sets, where each set is applicable to either MBSFN subframes or non-MBSFN subframes. The configuration is only valid for the associated subframe type, and is invalid otherwise. 
We prefer to have the same RB set configuration over the 2-symbol and 3-symbol sTTIs of the same subframe type.

	Intel 
	A same resource set of sPDCCH can be used for 2-symbols and 3-symbols sTTI within a subframe. 
Regarding the sPDCCH resource sets for MBSFN subframe and non-MBSFN subframe, we think sPDCCH resource sets configured with DMRS can be used for these two types of subframes. For CRS-based sPDCCH resource set, the resource sets can be still used as sPDCCH resource but the UE assumes that DMRS is used in MBSFN subframe while CRS is used otherwise.  

	KT
	Yes. Same view as ZTE 

	LG Electronics
	For different sTTIs, the same RB set can be applied and different number of sPDCCH candidates per AL would be configured by eNB as agreed. For different types of subframe (i.e., MBSFN/non-MBSFN), if DMRS-based RB set(s) is(are) configured for non-MBSFN subframe, MBSFN subframe can inherit the corresponding RB set(s). If only CRS-based sPDCCH RB set(s) is(are) configured to non-MBSFN subframe, it seems natural that additional DMRS-based RB set is configured to MBSFN subframe.

	Motorola Mobility, Lenovo
	Different RB sets for MBSFN & non-MBSFN subframes can be considered if DMRS-based sPDCCH is only configurable for MBSFN-subframes. sTTIs of a subframe can have the same sPDCCH RB set(s) with potentially different AL/candidates as being discussed in email discussion [90-7]. Furthermore, an sCCE is not mapped to a PRB(i.e., sCCE is not composed of an sREG) that overlaps in frequency with a transmission of broadcast signals.



Summary of the views on Question 3:
10 companies responsded to this question. 
For the 2/3-symbol sTTIs within the same subframe type:
· 8 companies (Nokia/NSB, Huawei/HiSilicon, Samsung, Qualcomm, Intel, Ericsson, LGE and Motorola/Lenovo) proposed that the RB set resources should not change across the sTTIs within the same subframe type.
· The discussion on whether or not different ALs can be configured for different sTTIs will be done based on the responses to email discussion [90-07]. 
· 2 companies (ZTE/Sanechips and KT) mentioned that the RB set resources can be modified for different sTTIs.
Based on the majority of the views, we have the following proposal:
Proposal 3: The frequency resources of a configured RB set are identical across all sTTIs within the same subframe type.

For RB set configuration in different subframe type:
· 8 companies (Nokia/NSB, ZTE/Sanechips, Huawei/HiSilicon, Qualcomm, Ericsson, LGE, ZTE and KT) agree that different RB sets can be configured in MBSFN and non-MBSFN subframes.
· 2 companies (Samsung and Intel) proposed to configure the same RB set for both types of subframes.
Based on the majority of the views, we have that:
Proposal 4: Separate RB sets can be configured in MBSFN and non-MBSFN subframes.

	From RAN1#89:

	Agreement:
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.
· One sPDCCH candidate is contained within one RB set



Question 4: In addition to at most two sPDCCH RB sets configured per sTTI, where the UE searches for its grant, is there any reason/benefit to configure a UE with more RB sets? If the answer is Yes, please provide the reason for your response.
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	Yes, we think that it would be benefitial, if UE can be configured with RB-sets without search space in an sTTI. This allows eNB to indicate a pre-configured RB-set as unused, if the RB-set is not used (e.g. by other UEs) in given sTTI.  

	ZTE, Sanechips
	No.

	Huawei, HiSilicon
	Yes. Similar as Nokia. 

	Samsung 
	No. 

	Ericsson
	No. We donot see benefits to configure more than the sPDCCH RB set(s) that needs to be monitored by a UE. A UE should be configured only with what it needs to monitor. If the idea is to make a UE aware of the RB sets configured to another UE, each time a new UE is configured with sTTI, all existing sTTI UEs need a RRC reconfiguration to be informed of the RB set for that new UE. This is not a wanted behaviour.

	Qualcomm
	No. We do not see any reason to configure an RB set that the UE is not required to monitor.

	Intel 
	No. 

	KT
	No. 

	LG Electronics
	No. We don’t see much benefit from using more than two sPDCCH RB set without monitoring. For control/data MUX, sPDSCH can just be mapped around sPDCCH associated with the sPDSCH as in EPDCCH.

	Motorola Mobility, Lenovo
	No. we share a similar view as Ericsson.



Summary of the views on Question 4:
10 companies responsded to this question:
· 2 companies (Nokia/NSB and Huawei/Hisilicon) propose to configure additional RB sets for a UE besides the ones configured for sPDCCH monitoring.
· 8 companies (ZTE/Sanechips, Samsung, Ericsson, Qualcomm, Intel, KT, LGE and Motorola/Lenovo) stated that additional RB sets should not be configured.
Based on the majority of the views, we have that:
Proposal 5: A UE shall not be configured with an RB set which is not required to be monitored for decoding sPDCCH.

Channel Estimation for DMRS-based Spdcch:
	From RAN1#89:

	Agreement:
· Single port DMRS-based Spdcch demodulation is supported.
· FFS bundling size
· FFS if two port DMRS-based Spdcch demodulation is supported.
· FFS bundling size



	From RAN1#90:

	Agreement:
· DMRS bundling (if applicable) is supported for DMRS based Spdcch.



Question 5: Should the DMRS bundling for DMRS based sPDCCH be mandatory? Please provide the reason(s) for your choice.
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	Yes: Clearly, there should either be the assumption of not having DM-RS bundling at all or then DMRS bundling to be applied all the time, as this will simplify the related RAN4 performance work. From this point of view, DMRS bundling could be mandatorily applied. 

	ZTE, Sanechips
	In our view, DMRS bundling is only used for localized Scce-to-sREGmapping. 

	Huawei, HiSilicon
	We slightly prefer that whether to support DMRS bundling can be configured by higher layer signaling. Because if DMRS bunlding is applied, it would means that bundling would be performed among multiple consecutive PRBs in frequency domain, then in this case the precoder diverseity gain and frequency domain diversity gain cannot be achieved for Spdcch with lower aggregation level. Howver, for Spdcch with higher aggregation level, DMRS bundling could achieve some channel estimation gain. Therefore, it seems that better to support configurability of DMRS bundling.	

	Samsung 
	Yes, to simplify UE implementation.

	Ericsson
	Yes, DMRS bundling is always applied for DMRS based Spdcch. 

	Qualcomm
	Yes. In our view, DMRS bundling for DMRS-based Spdcch should be mandatory.

	Intel 
	Yes to improve the performance of DMRS-based sPDCCH. 

	KT
	Yes. In our view, we prefer that DMRS bunding without additional singalling is mandatorily supported.

	LG Electronics
	Yes, DMRS bundling can always be applied to DMRS-based sPDCCH.

	Motorola Mobility, Lenovo
	Yes, similar to Intel 



Summary of the views on Question 5:
10 companies responsded to this question:
· 8 companies (Nokia/NSB, Samsung, Ericsson, Qualcomm, Intel, KT, LGE and Motorola/Lenovo) state that the DMRS bundling for DMRS-based sPDCCH should be mandatory.
· 1 company (ZTE/Sanechips) proposed that DMRS bundling should only be used for localized sCCE-to-sREG mapping.
· 1 company (Huawei/HiSIlicon) states that support for DMRS-bundling should be configurable.
 Based on the majority of the views, we have the following proposal:
Proposal 6: DMRS bundling is mandatory for DMRS-based sPDCCH. FFS on sPRG size.

Question 6: If your answer to Question 6 is Yes, what is the size of the shortened PRG (sPRG) for DMRS bundling of a DMRS based sPDCCH?
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	We think that 2 RBs should be sufficient for the bundling, as this value is used for PDSCH DMRS. This would mean for the RB set configuration that always 2 consecutive RBs should be configured (related to question 2) as well as 4sREGs/Scce for 2OS and 6 sREGs/Scce for 3OS would nicely fit the related bundling here (Option 3 of Question 5). 

	ZTE, Sanechips 
	For localized Scce-to-Sreg mapping, the bundle size could be 3 RBs for 2-OS Spdcch and 2 RBs for 3-OS Spdcch. That is one Sprg always contains 6 sREGs (one Scce) as suggested in Q5. 

	Huawei, HiSilicon
	If DMRS bundling is configured, the size of Sprg for DMRS bundling is equal to the size of Scce in frequency domain for simiplicity (e.g. 2 PRBs for Scce size of 6). If the Sprg size is too large, then less precoder gain would be achieved.

	Samsung 
	2 RBs can be used.

	Ericsson
	DMRS bundling over 2 consecutive RBs is applied. 

	Qualcomm
	We also think that the sPRG size of 2 should be sufficient. If Option 3 of Question 5 is adopted, then the Sprg size is independent of the Stti index. This allows for adopting a unified approach to determine the RB set allocation granularity, sCCE size and sPRG size.

	Intel
	Bundling size of 2 PRBs is preferred. 

	KT
	Consecutive 2 RBs is enogh for DMRS bundling .

	LG Electronics
	If DMRS bundling and option 3 for Question 5 are adopted, the size of the sPRG for DMRS-based sPDCCH can be 2 RBs.

	Motorola Mobility, Lenovo
	Bundling is performed over 2 consecutive RBs. 



Summary of the views on Question 6:
10 companies responsded to this question:
· 8 companies (Nokia/NSB, Samsung, Ericsson, Qualcomm, Intel, KT, LGE and Motorola/Lenovo) proposed that 1 sPRG = 2 RBs.
· 1 company (Huawei/HiSilicon) proposed that the size of the sCCE and sPRG in the freq. domain should be the same.
· 1 company (ZTE/Sanchips) proposed that 1sPRG = 3RBs in a 2-symbol sPDCCH and 1sPRG = 2RBs in a 2-symbol sPDCCH.
Based on the majority of the views, we have the following proposal:
Proposal 7: For a DMRS-based sPDCCH, the sPRG size is 2 RBs in the frequency domain.
Number of sREGs per sCCE for DMRS-based sPDCCH

	From RAN1#90:

	Agreement:
· #sREGs per sCCE is the same for 2/3os and 1-slot sTTI.



	From RAN1#90:

	Agreement:
· #sREGs per sCCE is for CRS based sPDCCH is 4.



Question 7: For a DMRS-based sPDCCH, what is the number of sREGs forming an sCCE?
· Option 1: Number of sREGs per sCCE is 6 for all sTTI indices in the subframe.
· Option 2: Number of sREGs per sCCE is 4 for a 2-symbol sPDCCH and 3 for a 3-symbol sPDCCH.

· Option 3: Number of sREGs per sCCE is 4 for a 2-symbol sPDCCH and 6 for a 3-symbol sPDCCH.

· Option 4: If your preferred choice is not covered above, please state your preference. 

	Company
	Views

	Nokia, Nokia Shanghai Bell 
	In DM-RS bundling is not agreed, then Option 2 should be applied. For this case, there is no restriction on the RB set configuration (i.e. Option 1 of Question 2, i.e. 1RB). 
Assuming DM-RS bundling of 2 RBs is to be agreed, then Option 3 should be applied and N=2 should be applied for Question 2 (i.e. 2 physically consecutive RBs to be configured over which the DM-RS is to be bundled). 

	ZTE, Sanechips
	Slightly prefer Option 1. 

	Huawei, HiSilicon
	Slightly prefere option 2 but we are also ok with option 1. Option 2 can provide similar number of available REs compared to LTE. Option 2 is simpler considering with only one sCCE size.

	Samsung 
	We prefer to have Option 1.

	Ericsson
	If DMRS bundling is supported, then Option 3 is preferred. Otherwise, Option 2. Option 1 leads to excessive CCH overhead in 2os sPDCCH.

	Qualcomm
	We prefer option 3 which results in the same number of RBs to be used for one sCCE in both 2-symbol and 3-symbol sTTIs. This makes the RB set allocation as well as sPRG size determination much easier. Basically, regardless of the sTTI length, each sCCE spans over 2 RBs. Hence, the sPRG size can also be set to 2. This allows for adopting a unified approach to determine the RB set allocation granularity, sCCE size and sPRG size.

	Intel 
	Option 3 is preferable to simplify the multiplexing between sPDCCH and sPDSCH. 

	LG Electronics
	Option 3 seems suitable if DMRS-bundling is applied. Otherwise, we prefer option 2. 

	Motorola Mobility, Lenovo
	We prefer the same number of sREGs per sCCE for all sTTIs (i.e., option 1) – we can use different aggregation levels to handle different number of control REs in an sTTI.



Summary of the views on Question 7:
9 companies responsded to this question. 
· Option 1 is supported by 3 companies (ZTE/Sanechips, Samsung and Motorola/Lenovo) unconditionally.
· Option 3 is support by 2 companies (Qualcomm and LGE) unconditionally as well as by 3 additional companies (Nokia/NSB, Ericsson and LGE) in case of agreed/applied DMRS bundling (of question 6).
· Option 2 is support by 1 company (Huawei/HiSilicon) unconditionall as well as by 3 additional companies (Nokia/NSB, Ericsson and LGE) in case of not supporting sPDCCH DM-RS bundling (of question 6).
Hence we have:
Proposal 8: For DMRS-based sPDCCH, the number of sREGs forming an sCCE is 4 in a 2-symbol sPDCCH and is 6 in a 3-symbol sPDCCH.


	From RAN1#90:

	Working assumption:
· Support two port DM-RS based demodulation
· The single port or dual port based demodulation is configured for each DM-RS based Spdcch RB-set
· Decide between:
· Alt. 1: SFBC using {107,108}: Same handling of orphan REs than for CRS-based Spdcch (which is still FFS)
· Alt. 2: Antenna hopping/port mapping using ports {107,108} is used within a Sreg. 
· The DM-RS bundling is independent on the configured number of antenna ports for DM-RS based demodulation




Question 8: Should a 2-port DMRS-based sPDCCH be supported? Please provide the reason(s) for your preferred choice.
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	As noted in the online discussions, we think that the diversity can help for URLLC type of operation in non-MBSFN subframes and therefore the working assumption should be confirmed. 
We think that Alt. 2 – i.e. EPDCCH type of antenna port cycling should be used as there would not be any orphan RE issues here. 

	ZTE, Sanechips
	Yes, the same scheme as EPDCCH(Alt.2) should be reused.

	Huawei, HiSilicon
	As noted in the online discussions, we are not so sure about the gain from 2-port DMRS-based Spdcch considering the two DMRS ports would share the same REs and power would be split among these two antenna ports. The best way is to evaluate the performance to decide whether to support or not. However, it seems we don’t have enough time for it considering the workplan for Stti. So roughly we feel better not to support it for Stti and could further study for URLLC in URLLC WI. 

	Samsung 
	Yes.
Alt 2 for antenna port cycling can be used.

	Ericsson
	We are fine to support Tx diversity with DMRS based Spdcch. However, we agree with Huawei that this is not top priority in this WI.

	Qualcomm
	As mentioned by Huawei and Ericsson, although we are fine to support a 2-port DMRS-based Spdcch, we think that this is not a priority.

	Intel
	We shared same view with Huawei and Ericsson. 

	KT
	We think that Tx diversity scheme at UE side is not urgent now. But assuning  next enhancement(e.g. URLLC enhancement), Alt. 2 is preferable. Antenna port cycling techinuqe smiliar with ePDCCH can be adopted.

	LG Electronics
	Yes. For robust transmission in DMRS-based sPDCCH, 2-port transmission would anyway be needed, e.g., especially in MBSFN subframe. However, this issue can be low priority compared to other issues.




Summary of the views on Question 8:
9 companies responsded to this question:
· 3 companies (Nokia/NSB, ZTE/Sanechips and Samsung) proposed that a 2-port DMRS-based sPDCCH should be supported.
· 6 companies (Huawei/HiSilicon, Ericsson, Qualcomm, Intel, KT and LGE) stated that supporting this feature is not a top priority in this WI.

Based on the companies’ views, we have that:
Proposal 9: There is no consensus on supporting a 2-port DMRS-based sPDCCH in this WI. 

Question 9: If your response to Question 8 is Yes, should the 2-port DMRS based sPDCCH scheme be used for:
· Option 1: Distributed mapping only
· Option 2: Localized mapping only
· Option 3: Both localized and distributed mappings
	Company
	Views

	Nokia, Nokia Shanghai Bell
	Option 3 – both
From single Scce point of view, there would be no difference in the mapping as we basically have anyhow a type of ‘localized’ Sreg to Scce mapping for DMRS based Spdcch. The distributed mapping according to our view would only apply on the Scce level (Option 2 of question 13)

	ZTE, Sanechips
	Option 1. Like in EPDCCH, 2-port DMRS is only used for distributed  mapping.

	Huawei, HiSilicon
	If supported then slightly prefer to only apply to distributed mapping as in EPDCCH. 

	Samsung 
	Option 1.

	Ericsson
	It mostly makes sense for option 1.

	Qualcomm
	If supported, then Option 1.

	Intel 
	If supported, Option 1. 

	KT
	Option 1.

	LG Electronics
	Option 1, if supported. As in EPDCCH, 2 port DMRS-based sPDCCH scheme would be for robust transmission and could be used only with distributed mapping.



Summary of the views on Question 9:
9 companies responsded to this question:
· 1 company (Nokia/NSB) chose Option 3.
· 8 companies (ZTE/Sanechips, Huawei/HiSilicon, Samsung, Ericsson, Qualcomm, Intel, KT and LGE) proposed to adopt a 2-port DMRS-based sPDCCH only for distributed mapping.
Based on the majority of the views and Proposal 9, we have that:
Proposal 10: If a 2-port DMRS-based sPDCCH is supported, it is only used for distributed sCCE-to-sREG mapping. 


Question 10: If your answer to Question 8 is Yes, which of the following options is your preffered solution for the implementation of a 2-port DMRS-based sPDCCH?
· Option 1:A dual port SFBC 
· Option 2: Antenna hopping using two ports within an sREG
· Option 3: Any other solution. Please provide the details.
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	Option 2 – as noted above (no orphan RE issues)

	ZTE, Sanechips
	Option 2

	Huawei, HiSilicon
	If supported then would be option 2.

	Samsung
	Option 2

	Ericsson
	Option 1. SFBC as it provides higher gains than antenna hopping.

	Qualcomm
	Option 2.

	Intel 
	Option 2. 

	KT
	Option 2.

	LG Electronics
	Option 2, if supported.



Summary of the views on Question 10:
9 companies responsded to this question:
· 8 companies (Nokia/NSB, ZTE/Sanechips, Huawei/HiSilicon, Samsung, Qualcomm, Intel, KT and LGE) prefer antenna hopping using two ports within an sREG.
· 1 company (Ericsson) prefers a dual-port SFBC approach.
Based on the majority of the views and depending on the outcome of Question 8, we have that:
Proposal 11: If a 2-port DMRS-based sPDCCH is supported, it is implemented via antenna hopping using two ports within an sREG. 

Question 11: If your answer to Question 8 is Yes, please provide the DMRS pattern/ports that should be used.
	Company
	Views

	Nokia, Nokia Shanghai Bell
	The second port is to be given by OCC2 of the first defined Spdcch DM-RS antenna port (i.e. OCC2 on top of the to be agred DMRS pattern, similar as 107 & 108 for EPDCCH).

	ZTE, Sanechips
	Like Port 107 and 108 for EPDCCH.

	Huawei, HiSilicon
	Prefer not to increase the DMRS overhead. Therefore, if support would be better to do in a CDM maner, i.e. through OCC.

	Samsung
	Same view with ZTE, Sanechips.

	Ericsson
	Support the same DMRS pattern/ports to be adopted by Spdsch (same density of DMRS pairs per RB in frequency + usage of OCC).

	Qualcomm
	Given the overhead of considering separate DMRS REs, if supported, we prefer to consider two ports which are distinguished via OCC of length 2.

	Intel
	Same as DMRS port 107 and 108 with multiplexed by OCC-2. 

	KT
	Simliar as port 107 and 108 of EPDCCH.

	LG Electronics
	Port 107 and 108 can be used for the sake of reducing RS overhead.


Summary of the views on Question 11:
9 companies responsded to this question. All companies agreed that the 2 ports are multiplexed via OCC-2 in the time domain. 
Based on the majority of the views and depending on the outcome of Question 8, we have that:
Proposal 12: If a 2-port DMRS-based sPDCCH is supported, the 2 ports are multiplexed via OCC-2 in the time domain.

Proposal 13: The DMRS density for a 2-port DMRS-based sPDCCH is the same as that of the single port DMRS-based sPDCCH.

Distributed Mapping for sPDCCH:

	From RAN1#90:

	Agreement:
· For an RB set configured with more than 1 symbol and the distributed (FFS: on Scce or Sreg level) mapping for CRS based Spdcch, the frequency-first time-second Scce-to-Sreg mapping is adopted. 




Question 12: For an RB set configured with more than 1 symbol and CRS-based sPDCCH, how should the distributed mapping be implemented?
· Option 1: At sREG level
· Option 2: At sCCE level
Please state the reason(s) for your choice.
	Company
	Views

	Nokia, Nokia Shanghai Bell 
	Option 1: on Sreg level to maximize the diversity also for small Als (incl. AL=1)

	ZTE, Sanechips
	Option 1. Share the views with Nokia. 

	Huawei, HiSilicon
	Option 1 to achive more frequency diversity gain.

	Samsung
	Option 1.

	Ercisson
	Option 1, to achieve higher frequency diversity gains for low AL.

	Qualcomm
	Assuming the constituent sREGs of an sCCE, or the sCCEs of a given candidate, are all located within the same symbol, then Option 1 is preferred.

	Intel 
	Option 1. 

	KT
	Option 1.

	LG Electronics
	Option 1.

	Motorola Mobility, Lenovo
	Option 1 



Summary of the views on Question 12:
10 companies responsded to this question. All companies preferred Option 1.
Hence, based on the majority of the views, we have that:
Proposal 14: For an RB set configured with more than 1 symbol and CRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sREG level.




	From RAN1#90:

	Agreement:
· For an RB set configured with more than 1 symbol and the distributed (FFS: on Scce or Sreg level) mapping for DMRS based Spdcch, the time-first frequency-second Scce-to-Sreg mapping is adopted.



Question 13: For an RB set configured with more than 1 symbol and DMRS-based sPDCCH, how should the distributed mapping be implemented?
· Option 1: At sREG level
· Option 2: At sCCE level
Please state the reason(s) for your choice.

	Company
	Views

	Nokia, Nokia Shanghai Bell 
	Option 2: With the t-first mapping and the number of sREGs – we propose the Scce to be included in a single DMRS RB bundle for 3OS. Therefore, the distributed mapping even would not be possible on Sreg level there (but only possible on Scce level)  

	ZTE, Sanechips
	Option1.Actually the exact mapping level is 2 or 3 Sreg in one RB.As answered in Q6, DMRS bundling is not applied for distributed mapping, which can be then implemented in a smaller granularity, i.e., at Sreg level. 

	Huawei, HiSilicon
	It may depend on whether to support DMRS bundling. If DMRS bundling is not applied, it would be better to be based on Sreg level with same interleaving for all the OFDM symbols. If DMRS bundling is supported, it would be better to be based on Sprg level. 

	Samsung
	Another option: Sprg level.

	Ericsson
	Option 2 assuming DMRS bundling is always applied. Considering that time-first frequency-second Scce-to-Sreg mapping was agreed for DMRS based Spdcch, assuming that 4 Sreg per Scce are defined for 2os DMRS-based Spdcch and 6 Sreg per Scce for 3os DMRS-based Spdcch, and if DMRS bundling over 2RB is further supported, i.e. 2RB granularity, then one Scce is always built in a localized manner with those two contiguous RBs. Hence, the distributed configuration can only be achieved at Scce level, i.e. only for Spdcch with an AL higher than one.

	Qualcomm
	Option 2 is preferred such that the sREGs of one Scce can be placed in one DMRS bundle.

	Intel 
	Option 2 is preferred to enable RB bundling for DMRS-based sPDCCH transmission. 

	LG Electronics
	Considering the UE complexity, option 2 can be considered with DMRS bundling. However, option 2 cannot achieve diversity gain for AL=1. We can focus more on the diversity gain (with option 1) than UE complexity because distributed mapping is for diversity gain.

	Motorola Mobility, Lenovo
	Similar to Samsung



Summary of the views on Question 13:
9 companies responsded to this question. The companies’ views are listed below based on the outcome of Question 6. 
· 5 companies (Nokia/NSB, Ericsson, Qualcomm, Intel and LGE) support Option 2.
· 1 company (ZTE/Sanechips) supports Option 1.
· 3 companies (Huawei/HiSilicon, Samsung and Motorola/Lenovo) support the distribution at sPRG level.
Hence, based on the majority of the views, we have that:
[bookmark: _Hlk494320138]Proposal 15: For an RB set with DMRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sCCE level.


Additional Issues:
Question 14: Is there any other issue that you would like to address?

(HW) Question 14: For an CRS-based Spdcch set, how to number sREGs?
· 

Option 1: sREGs within Spdcch set are numbered in a time-first-frequency-second manner from 0 to , which is shown in Figure(a).
· 

Option 2: sREGs within Spdcch set are numbered in a frequency-first-time-second manner from 0 to , which is shown in Figure (b).
· 

Option 3: sREGs within each symbol of Spdcch set are only numbered in ascending frequency order from 0 to , i.e. REGs in all symbols corresponding to the same RB are with the same Sreg index, which is shown in Figure ©.
[image: ]
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	Company
	Views

	HW
	



Option 2. Since frequency-first time-second Scce-to-Sreg mapping is agreed for CRS-based Spdcch, option 2 should be supported which can simplify the Scce-Sreg mapping definition. For example, a locailized Scce number  corresponds to sREGs numbered , where and . An example is shown in below figure.
[image: ]

	Samsung
	Option 1 with time-first numbering.

	Ericsson
	Option 2.

	Qualcomm
	Option 2.

	ZTE, Sanechips
	Option 2.

	Intel 
	Option 2. 

	KT
	Option 2.

	LG Electronics
	Option 2.

	Motorola Mobility, Lenovo
	Option 2

	Nokia, Nokia Shanghai Bell
	Option 2



Summary of the views on Question 14:
10 companies responsded to this question:
· 9 companies (Huawei/HiSilicon, Ericsson, Qualcomm, ZTE/Sanechips, Intel, KT, LGE, Motorola/Lenovo and Nokia) support Option 2.
· 1 company (Samsung) supports Option 1.
Therefore, based on the majority of the views, we have that:
Proposal 16: For a CRS-based sPDCCH, sREGs within an sPDCCH set  are numbered in a frequency-first time-second manner from 0 to .


Question 15: For an DMRS-based sPDCCH set, how to number sREGs?
· 

Option 1: sREGs within sPDCCH set are numbered in a time-first-frequency-second manner from 0 to , which is shown in Figure(a).
· 

Option 2: sREGs within sPDCCH set are numbered in a frequency-first-time-second manner from 0 to , which is shown in Figure (b).
· 

Option 3: sREGs within each symbol of sPDCCH set are only numbered in ascending frequency order from 0 to , i.e. REGs in all symbols corresponding to the same RB are with the same sREG index, which is shown in Figure ©.
	Company
	Views

	HW
	



Option 1. Since time-first frequency-second sCCE-to-sREG mapping is agreed for DMRS-based sPDCCH, option 1 should be supported which can simplify the sCCE-sREG mapping definition. For example, a locailized sCCE number  corresponds to sREGs numbered , where and . An example is shown in below figure.



	Samsung
	Option 1 with time-first numbering.

	Ericsson
	Option 1.

	Qualcomm
	Option 1.

	ZTE, Sanechips
	Option 1.

	Intel 
	Option 1. 

	KT
	Option 1.

	LG Electronics
	Option 1.

	Motorola Mobility, Lenovo
	Option 1

	Nokia, Nokia Shanghai Bell
	Option 1



Summary of the views on Question 15:
10 companies responsded to this question, and all support Option 1.
Hence, we have the following proposal:
Proposal 17: For a DMRS-based sPDCCH, sREGs within an sPDCCH set  are numbered in a time-first frequency-second manner from 0 to .



Question 16: If your response to Question 1 is Option 3, i.e., there is no need to limit the number of RBs in a given RB set, do you forsee an additional complexity at the UE to support a boundless RB set size?
	Company
	Views

	Qualcomm
	Although our response to Question 1 is not Option 3, we would like to share our view here as well. We strongly believe that the maximum RB set size should be defined such that the UE’s complexity can be kept at a reasonable level. The reason for this can be explained by an example as follows:
Let us consider a 2-symbol CRS-based sPDCCH with 2 candidates of AL = 8, 2 candidates with AL = 4 and 2 candidates with AL = 2. Further, consider the system bandwidth of 20Mhz and assume that a single grant is sent for a given user. Since each sCCE = 4 sREG, the size of the 2-symbol RB set is 56RBs. To decode the control, the UE then has to demap and decode 56RBs to acquire the single grant. Then, assuming the sPDSCH for this user spans the remaining part of the bandwidth (i.e., the UE rate-matches around its sPDCCH only), the UE has to demap and decode almost half of the RBs twice; once for control blind decoding and the second time for data demapping/decoding. As another example, if 6 candidates with AL = 8 are configured, the UE has to demap and decode the entire system bandwidth twice. Hence, to meet very tight turnaround times, the UE’s complexity will increase significantly. We also would like to note that the maximum RB set size is already defined for EPDCCH in order to keep the UE’s complexity at a reasonable level.

	Nokia, Nokia Shanghai Bell
	We would like to note there, that the number of PRBs the UE needs to demap & process is depending on the number of PRBs where the sUSS/sPDCCH candidates of the UE is contained and not the number of configured PRBs from the overall set (that might be shared between different or even all sTTI UEs within a cell). 
We therefore don’t see an issue with going with Option 3 (in Question 1) which seems to be the preference of a clear majority of companies. 

	
	



Summary of the views on Question 16:
2 companies responded to this question:
· 1 company (Qualcomm) explains why introducing the maximum RB set size is essential, and describes the impact and complexities that is incurred at the UE side if such a limit is not defined.
· 1 company (Nokia/NSB) states that the UE needs to demap and process only the PRBs containing its sUSS/sPDCCH candidates.
Based on the comments from the two companies, the following proposal can be considered:
Propsoal 18: FFS whether the size of the UE’s sPDCCH search space is required to be limited. 

Conclusions
Based on the companies’ inputs, the following proposals on the remaining issues of sPDCCH design can be considered:

Proposal 1: No maximum size needs to be specified for an sPDCCH RB set.

Proposal 2: The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.
· Note that based on Proposal 7, more discussions is needed for the DMRS-based sPDCCH.

Proposal 3: The frequency resources of a configured RB set are identical across all sTTIs within the same subframe type.

Proposal 4: Separate RB sets can be configured in MBSFN and non-MBSFN subframes.

Proposal 5: A UE shall not be configured with an RB set which is not required to be monitored for decoding sPDCCH.
Proposal 6: DMRS bundling is mandatory for DMRS-based sPDCCH. FFS on sPRG size.

Proposal 7: For a DMRS-based sPDCCH, the sPRG size is 2 RBs in the frequency domain.

Proposal 8: For DMRS-based sPDCCH, the number of sREGs forming an sCCE is 4 in a 2-symbol sPDCCH and is 6 in a 3-symbol sPDCCH.

Proposal 9: There is no consensus on supporting a 2-port DMRS-based sPDCCH in this WI. 

Proposal 10: If a 2-port DMRS-based sPDCCH is supported, it is only used for distributed sCCE-to-sREG mapping. 

Proposal 11: If a 2-port DMRS-based sPDCCH is supported, it is implemented via antenna hopping using two ports within an sREG. 

Proposal 12: If a 2-port DMRS-based sPDCCH is supported, the 2 ports are multiplexed via OCC-2 in the time domain.

Proposal 13: The DMRS density for a 2-port DMRS-based sPDCCH is the same as that of the single port DMRS-based sPDCCH.

Proposal 14: For an RB set configured with more than 1 symbol and CRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sREG level.

Proposal 15: For an RB set with DMRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sCCE level.

Proposal 16: For a CRS-based sPDCCH, sREGs within an sPDCCH set  are numbered in a frequency-first time-second manner from 0 to .

Proposal 17: For a DMRS-based sPDCCH, sREGs within an sPDCCH set  are numbered in a time-first frequency-second manner from 0 to .

Propsoal 18: FFS whether the size of the UE’s sPDCCH search space is required to be limited. 
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