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Introduction
The objective of email approval [90b-LTE-08] is to agree on the proposals in section 2 and collect views in section 3 on the remaining issues and design aspects. 
The document provides a summary of the email approval [90b-LTE-08], where the proposed agreements with brief summary of the status are listed in section 2, the summary of the views for each question is provided in section 3, and the proposals for further discussion in the next meeting are listed in section 4.
Proposed agreements 
Based on the results of the email approval/discussion, proposed agreements 2/3/4/7/8 marked in green were agreed while proposed agreements 1/5/6/6-1/9/10 marked in yellow were not agreed. We need more discussion on proposed agreements 1/5/6/6-1/9/10 and thus these proposed agreements were also included in section 4 for further discussion in the RAN1#91 meeting.  

Proposed agreement 1 and 2 are provided for email approval directly without questions in section 3 considering we already had enough discussion before:
Proposed agreement 1: 
A UE can be configured with up to two RB sets for sPDCCH monitoring that apply to MBSFN subframes, and up to two RB sets that apply to non-MBSFN subframes.

Proposed agreement 2: 
2-port DMRS-based sPDCCH is not supported in this WI.



Based on the inputs from companies in section 3, all companies support proposed agreement 3 and 4, therefore these two could be agreed for all:    

Proposed agreement 3: 
For DMRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna 
port, shall be in increasing order of first the index  and then the index .

Proposed agreement 4: 
For distributed CRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna port, shall be in increasing order of first the index  and then the index.



Based on the inputs from companies in section 3, for proposed agreement 5 to 8, only 1 company has different view for each proposed agreement, therefore we could try see if we could get them agreed without much/further discussion for progress:   

Proposed agreement 5: 
The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.

Proposed agreement 6: 
The number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2.

Proposed agreement 6-1: 
The UE is not expected to be configured with a DMRS-based RB set for which the allocated RBs partially cover sPRGs.


Proposed agreement 7: 
A predefined DMRS antenna port is used for single port DMRS-based sPDCCH transmission.
·  The DMRS pattern for the predefined DMRS antenna port is the same as that for the first DMRS antenna port for 2/3-symbol sPDSCH.

Proposed agreement 8: 
For CRS-based sPDCCH and distributed configuration, the sREG corresponding to an sCCE index n are given by

 

Where ,  represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set  .


Based on the inputs from companies in section 3, proposed agreements 9 and 10 are made based on the majority view but there are 2 or 3 companies have different views, therefore there may be more discussion on these proposed agreements but listed here to see if we have some chance to approve:   

Proposed agreement 9: 
No restriction on the maximum size of the overall search space in an sTTI for 1-slot sTTI.

Proposed agreement 10: 
The overall search space configured to a UE for monitoring sDCI in PDCCH region is limited up to 16 CCEs for 2/3-symbol sTTI.

Questions on remaining issues
sPDCCH design
	From RAN1#90bis:

	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.

Agreement:
DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a sPRG size of 2



	
Question 1: 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: 2 RBs
· Option 3: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Slight preference for option 1. 
For DMRS-based sPDCCH, option 1 would allow the eNB to guarantee always the allocation of two consecutive physcial RBs within the sPDCCH RB set.
For CRS-based sPDCCH, based on the agreed sCCE to sREG mapping definition, where the sREGs of an sCCE are selected only from 1 OFDM symbol, the eNB has to build an sPDCCH RB set as a multiple of four RBs. This, however, doesn’t mean necessarily consecutive RBs.

	Huawei, HiSilicon
	We slightly prefer option 1. Option 1 could provide more flexibility to eNB. In addition, for CRS-based sPDCCH option 1 may provide the chance to achieve more frequency diversity gain since the allocated RBs could be more discontiguous. 
As to DMRS-based sPDCCH, as addressed in Q2 below,  eNB needs to make sure that the number of consecutive RBs of each contiguous part in frequency domain is multiple times of 2 considering that we already have the agreement that DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a Sprg size of 2. 

	Nokia, NSB
	Option 1. 
The bundling for DM-RS based can be handled as noted in Q2. 

	ZTE, Sanechips
	Option 1. Share with HW.

	Qualcomm
	Option 2 for all scenarios. For the DMRS-based sPDCCH, it is already agreed that DMRS-bundling over the 2RBs of each sPRG is mandatory. This automatically means that the RB set allocation granularity should be of size 2. For CRS-based sPDCCH scheduling a DMRS-based sPDSCH, it is agreed that sPDSCH is not mapped to a single RB of an sPRG. Hence, it is desirable to make sure that the sREGs are mapped to 2 consecutive RBs such that one sPRG is fully taken instead of impacting two sPRGs. For CRS-based sPDCCH with localized mapping, it also makes sense to have RB set allocation granularity of 2 since 4 sREGs are mapped to 4 consecutive RBs in the frequency domain.

	LG electronics
	We slightly prefer option 1. Although we have agreed that DMRS bundling with 2-RB sPRG is mandatory for DMRS-based sPDCCH, it seems that there is no need to restrict the granularity of RB allocation to be more than 1 RB considering CRS-based sPDCCH RB set.

	Samsung
	Option 1.



Summary of the views on Question 1:
10 companies responsded to this question:
· 9 companies (Nokia/NSB, Huawei/Hisilicon, Samsung, Ericsson, LGE, ZTE, Sanechips) support option 1 (i.e. the granularity of RB allocation for configuring an sPDCCH RB set is 1 RB).
· 1 company (Qualcomm) supports option 2 (i.e. the granularity of RB allocation for configuring an sPDCCH RB set is 2 RBs). 
For DMRS-based sPDCCH, it can be addressed by Q2 (i.e. limit the number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2). For CRS-based sPDCCH scheduling DMRS-based sPDSCH, it could be up to eNB to balance the sPDCCH performance and the utilization of resource for sPDSCH transmission. And based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:
Proposal 1 (Proposed agreement 5): The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.

Question 2: If you choice for Q1 is option 1, do you support that the number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2? Please provide the reason(s) for your answer.
	Company
	Views

	Ericsson
	yes

	Huawei, HiSilicon
	Yes. As described in our reply to Q1, eNB need to make sure that the number of consecutive RBs of each contiguous part in frequency domain is multiple times of 2 considering that we already have the agreement that DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a Sprg size of 2. 

	Nokia, NSB
	Yes. 
Alternatively, the granularity for DM-RS based sets could be 2.

	ZTE, Sanechips
	Yes. It was agreed that DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a sPRG size of 2. So it is straight to support this.

	LG electronics
	Yes, as we have agreed that DMRS bundling with 2-RB sPRG is mandatory for DMRS-based sPDCCH.

	Samsung
	No. Alignment between the number of RBs of sPDCCH RB set and PRG for DMRS bundling is up to eNB implementation. 



Summary of the views on Question 2:
9 companies responsded to this question:
· 8 companies (Nokia/NSB, Huawei/Hisilicon, Ericsson, LGE, ZTE, Sanechips) answered yes (i.e. the number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2).
· 1 company (Samsung) answered no. 
Since we have the agreement that DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a sPRG size of 2, eNB needs to make sure that the number of consecutive RBs of each contiguous part in frequency domain is multiple times of 2. And based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:
Proposal 2 (Proposed agreement 6): The number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2.

	From RAN1#90bis:

	Proposed conclusion: 
If the rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported, the ambiguity problem of detecting transmitted AL can be solved by using different mapping principle, e.g. sREG-to-sCCE or symbols-to sREG, for different ALs.  

Proposed offline consensus:
The mapping of the modulated data symbols on the sREGs is frequency-first, time-second for both localized and distributed sPDCCCH mapping. Solving the ambiguity between different ALs is FFS.



Question 3: For DMRS-based sPDCCH, which option do you support for symbols-to-REs mapping (the mapping of modulated symbols to the REs)?
· 



Option 1: the mapping of the moduldated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index.
· Option 2: None of the above (please provide your detailed proposal if you choose this option and explain how to solve the ambiguity between different ALs if rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported).
	Company
	Views

	Ericsson
	Option 1

	Huawei, HiSilicon
	We prefer option 1. With option 1 and time-first sCCE-to-sREG mapping, there is no ambiguity between different ALs for DMRS-based sPDCCH, similar as EPDCCH.

	Nokia, NSB
	Option 1. 

	ZTE, Sanechips
	Option 1

	Qualcomm
	Option 1.

	LG Electronics
	Option 1

	Samsung
	Option 1.



Summary of the views on Question 3:
10 companies responsded to this question:
· 



10 companies (Nokia/NSB, Huawei/Hisilicon, Ericsson, LGE, ZTE, Sanechips, Qualcomm) support option 1 (i.e. the mapping of the moduldated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index).
Based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:




Proposal 3 (Proposed agreement 3): For DMRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index.
Question 4: For distributed CRS-based sPDCCH, which option do you support for symbols-to-REs mapping (the mapping of modulated symbols to the REs)?
· 



Option 1: the mapping of the moduldated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index.
· Option 2: None of the above (please provide your detailed proposal if you choose this option and explain how to solve the ambiguity between different ALs if rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported).
	Company
	Views

	Ericsson
	Option 1

	Huawei, HiSilicon
	We prefer option 1. With option 1 and the agreed sCCE-to-sREG mapping formula, there is no ambiguity between different ALs for distributed CRS-based sPDCCH.    

	Nokia, NSB
	Option 1. 

	ZTE, Sanechips
	Option 1

	Qualcomm
	Option 1.

	LG Electronics
	Option 1

	Samsung
	Option 1.



Summary of the views on Question 4:
10 companies responsded to this question:
· 



10 companies (Nokia/NSB, Huawei/Hisilicon, Ericsson, LGE, ZTE, Sanechips, Qualcomm) support option 1 (i.e. the mapping of the moduldated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index).
Based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:




Proposal 4 (Proposed agreement 4): For distributed CRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna port, shall be in increasing order of first the index and then the index.
Question 5: For localized CRS-based sPDCCH, what is the mapping of modulated symbols to the REs?Please provide your detailed proposal and explain how to solve the ambiguity between different ALs if rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported.
	Company
	Views

	Ericsson
	We would be fine with some kind of interleaving of the modulated symbols over the REs building the localized sPDCCH candidate. 

	Huawei, HiSilicon
	The modulated symbols for an localized CRS-based sPDCCH are mapped to the REs according to step 1-2 below:
1) Perform a block interleaver within the sREGs for the sPDCCH candidate with aggregation level L, where the number of rows equal to L and the number of columns equal to 4 (i.e. the number of sREGs in an sCCE). The sREGs are written into the matrix row by row and read out column by column;
2) The modulated symbols are mapped to available REs within the interleaved sREGs in increasing order (i.e. one by one manner).

For example, with the above mapping rule, the moduldated symbols of an sPDCCH candidate withAL=2are mapped to sREG 0, 4, 1, 5, 2, 6, 3 and 7 orderly, which can avoid sCCE AL ambiguity issue.
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	Nokia, NSB
	Some type of AL dependent interleaving on RE or sREG level within an sCCE is needed here, but we think that interleaving on sREG level may be sufficient. 
The block interleaver of all the sREGs with the candidate of an AL as noted by Huawei above is one option (please note, the Figure is not really correct as we are not changing the sREG to sCCE mapping - sREG0-3 is still defining sCCE0, sREG4-7 is still defining sCCE1 as agreed earlier) but only the mapping of the modulation symbols is then changed there. 
Another option would be to have the interleaving only with an sCCE, such as having a different starting for the mapping (including cyclic mapping), such as {0,1,2,3}, {1,2,3,0}, {2,3,0,1}, {4,0,1,2} for AL1,2,4,8 or any other deterministic mapping within a candidate having 4 different mapping patterns (one for each AL). 

	ZTE, Sanechips
	Interleaving of the modulated symbols can be introduced, the sub-block interleaver for legacy PDCCH can be reused.
As defined in Table 5.1.4-2 in 36.212, inter-column permutation pattern for sub-block interleaver for PDCCH is defined as :
< 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30 >
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Similar procedure on interleaving of symbol quadruplets for legacy PDCCH as in 36.211 can be reused. The modulated symbols of one sREG can be used instead of one symbol quadruplets for legacy PDCCH. Take L=2 as an example, the modulated symbols of an sPDCCH candidate within sREG #0-7 are mapped to sREG #1,5,3,7,0,4, 2 and 6 with <NULL> elements removed at the output of the interleaver, wherein sREG index larger than 7 are <NULL> elements. Then this can slove ambiguity between different ALs because the first candidates for L=1 in the same resource are mapping to sREG #1,3,0,2 with same interleaver.

	Qualcomm
	Except for AL = 1, for the mapping of the modulated symbols to candidates of AL>1, sREG index interleaving can be employed as follows:
The indices of the sREGs corresponding to a candidate of AL = L are written in a block interleaver matrix with 2 columns row-by-row, and read column by column. The modulated symbols are mapped to the sREGs in order as specified by the output of the interleaver. One example is shown in the table below for AL = 1, 2, and 8. The numbers below each AL value represents the order of the mapping to the corresponding sREG.
	sREG index
	AL = 1
	AL = 2
	AL = 4

	0
	0
	0
	0

	1
	1
	4
	8

	2
	2
	1
	1

	3
	3
	5
	9

	4
	
	2
	2

	5
	
	6
	10

	6
	
	3
	3

	7
	
	7
	11

	8
	
	
	4

	9
	
	
	12

	10
	
	
	5

	11
	
	
	13

	12
	
	
	6

	13
	
	
	14

	14
	
	
	7

	15
	
	
	15


As shown above, for candidates of AL = 1, sREG interleaving is not needed. The 2-column interleaver works fine for all the canddiates of AL > 1.

	LG Electronics
	The same principle as EPDCCH can be adopted for localized CRS-based sPDCCH. In EPDCCH, the modulated REs are mapped as frequency-first manner, which in principle means RE-level interleaving of the modulated REs. The principle can be represented by the function described below.
As in our past contribution (R1-1717252), the sREG index for which the modulation symbol index i is mapped is expressed by

where X is the total number of sCCEs in the configured RB set, Y is the starting sCCE index for aggregation level L,  is the number of sREG per sCCE, and  is the number of sREGs for aggregation level L. Within the selected sREG index according to the function above, frequency-first mapping can be applied to the RE mapping.



Summary of the views on Question 5:
9 companies responsded to this question, the proposed solutions are summaried as below:
· Option 1: The modulated symbols for an localized CRS-based sPDCCH are mapped to the REs according  to step 1-2 below:
· Step 1: Perform a block interleaver within the sREGs for the sPDCCH candidate with aggregation level L, where the number of rows equal to L and the number of columns equal to 4 (i.e. the number of sREGs in an sCCE). The sREGs are written into the matrix row by row and read out column by column
· Step 2: The modulated symbols are mapped to available REs within the interleaved sREGs in increasing order (i.e. one by one manner)
· Option 2: The modulated symbol i are mapped to sREGs given by 

Where X is the total number of sCCEs in the configured RB set, Y is the starting sCCE index for aggregation level L,  is the number of sREG per sCCE, and  is the number of sREGs for aggregation level L. 
· Option 3: The indices of the sREGs corresponding to a candidate of AL = L are written in a block interleaver matrix with 2 columns row-by-row, and read column by column. The modulated symbols are mapped to the sREGs in order as specified by the output of the interleaver.
· Option 4: Sub-block interleaver is performed for the modulated symbols.
It seems that we have very diver views on this aspect, thus further study is needed based on the above proposed options. Further update or modification on the candidate options may be needed.        
Proposal 5: For localized CRS-based sPDCCH, down select the following options for the mapping of modulated symbols to REs:
· Option 1: The modulated symbols for an localized CRS-based sPDCCH are mapped to the REs according  to step 1-2 below:
· Step 1: Perform a block interleaver within the sREGs for the sPDCCH candidate with aggregation level L, where the number of rows equal to L and the number of columns equal to 4 (i.e. the number of sREGs in an sCCE). The sREGs are written into the matrix row by row and read out column by column
· Step 2: The modulated symbols are mapped to available REs within the interleaved sREGs in increasing order (i.e. one by one manner)
· Option 2: The modulated symbol i are mapped to sREGs given by 

Where X is the total number of sCCEs in the configured RB set, Y is the starting sCCE index for aggregation level L,  is the number of sREG per sCCE, and  is the number of sREGs for aggregation level L. 
· Option 3: The indices of the sREGs corresponding to a candidate of AL = L are written in a block interleaver matrix with 2 columns row-by-row, and read column by column. The modulated symbols are mapped to the sREGs in order as specified by the output of the interleaver.
· Option 4: Sub-block interleaver is performed for the modulated symbols.


	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#90bis:

	Agreement:
DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a sPRG size of 2

Agreement:
The DL DMRS pattern for sPDCCH associated with 2/3os and 7os sTTI, is reused from 2/3os sPDSCH.



Question 6: For single port DMRS-based sPDCCH, which option do you support for determing the DMRS antenna port used for sPDCCH transmission?
· Option 1: Predefined DMRS antenna port, e.g. the first DMRS antenna port supported for sPDSCH
· Option 2: Determined based on RNTI between the first two antenna ports supported for sPDSCH   
· Option 3: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 1 is fine

	Huawei, HiSilicon
	We slightly prefer option 1 for simplicity. 

	Nokia, NSB
	Option 1 (i.e. port 107)

	ZTE, Sanechips
	Option 1

	Qualcomm
	Option 1.

	LG Electronics
	[bookmark: _GoBack]Regarding the question, there seems an assumption that the same antenna port indexing is shared between sPDSCH and sPDCCH. However, it seems that there is no agreement on this and we need to clarify this first. As you may know, in the current specification, antenna port indexing is different between EPDCCH and PDSCH. If this question is about selecting one of multiple antenna ports supported for sPDCCH, we didn’t agree on the support of two port DMRS-based sPDCCH yet.

	Samsung
	Option 1.



Summary of the views on Question 6:
10 companies responsded to this question:
· 9 companies (Nokia/NSB, Huawei/Hisilicon, Ericsson, ZTE, Sanechips, Qualcomm) support option 1 (i.e. predefined DMRS antenna port, e.g. the first DMRS antenna port supported for sPDSCH).
· 1 company (LG) wants to clarify some aspects of this question   
 I think LG’s question is valid, option 1 may implicity mean that the indexing of DL DMRS for sPDCCH is the same as that for sPDSCH, which may be not true. Thus, I further modify option 1 and propose it to be the possible agreement considering that the majoirity view is to support opion 1.
Proposal 6 (Proposed agreement 7): A predefined DMRS antenna port is used for single port DMRS-based sPDCCH transmission.
·  The DMRS pattern for the predefined DMRS antenna port is the same as that for the first DMRS antenna port for 2/3-symbol sPDSCH.


	From RAN1#90bis:

	Agreement:
For CRS-based sPDCCH and distributed configuration, the sREG corresponding to an sCCE index n are given by
[image: ]

Where n=0,…,N_(sCCE,p)-1 and N_(sCCE,p) is the number of sCCE in sPDCCH RB set p. i=0,…, N_sREG^sCCE-1, where N_sREG^sCCE is the number of sREG per sCCE. N_sREG ^symb is the number of sREGs per each configured OFDM symbol in the sPDCCH RB set.
· 



	Draft CR in 36.211:

	


Within SPDCCH set , the SCCEs available for transmission of SPDCCHs are numbered from 0 to  and SCCE number  corresponds

-	SREGsnumbered for localized SPDCCH mapping with CRS and DMRS based demodulation and for distributed SPDCCH mapping with DMRS-based demodulation

-	SREGsnumbered for distributed SPDCCH mapping with CRS-based demodulation.

where.


NOTE:represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set .





The agreed formula for sCCE to sREG mapping for distributed CRS-based sPDCCH doesn’t work for some cases. For example, assuming =31, =4 and two symbols configured for sPDCCH RB set, both sCCE 0 and sCCE 7 would be mapped to sREG 0, 7, 14 and 21, which would result in collision among sCCEs. Therefore, some modification to the agreed formula is needed. Q7 is set for this aspect.   
Question 7: For CRS-based sPDCCH and distributed configuration, do you support the following modified formula for sCCE to sREG mapping? If your answer is no, please provide your detailed proposal. 
· the sREG corresponding to an sCCE index n are given by 





where , represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set .
	Company
	Views

	Huawei, HiSilicon
	
We are fine with the modified formula. But actually we do feel that the formula below is better, because all variables in the formula are already defined in the current specficiation and we don’t need to further define or clarify the meaning of in the specification as the modified formula. In addition, it works for all case.



	Nokia, NSB
	The modified formula in Q 7 is working (we support it). 



The formula and leads to the same result as the HW formula above if we assume  - and not as given currently in the specifications such as in the PDCCH section, with 9 REGs per CCE – as for the case of 31 PRBs also the modified Huawei formula would lead to a wrong result here. Therefore, we anyhow need some modification there and the argument brought up above is not correct, as we need the parameter for any type of definition there.

	ZTE, Sanechips
	Yes. We support the modified formular since the original formula cannot work if the number of RBs in one RB set for CRS-based sPDCCH are not the multiple of four RBs. 

	Ericsson
	


[bookmark: _Hlk497482270]No. The reason to replace the modified formula was to support cases where the RB set size is not a multiple of  (if a multiple of  the original formula works). But the proposed formula in Q7 does not utilize all sREGs. Consider the case with  =22. Then sREG 20,21,42,43 is never mapped with this formula:
     0     5    10    15
     1     6    11    16
     2     7    12    17
     3     8    13    18
     4     9    14    19
    22    27    32    37
    23    28    33    38
    24    29    34    39
    25    30    35    40
    26    31    36    41
Then a RB set size of 20 could as well be used, giving the same number of available sCCE, but with smaller RB set size, so the new formula does not give any advantage.
If a new formula should replace the agreed one, the new one should preferably utilize the full RB set.

	Qualcomm
	The modifided the expression in Q7 is fine, and works for all the cases.

	LG Electronics
	Yes. We are fine with the modified formula.

	Samsung
	Support.



Summary of the views on Question 7:
10 companies responsded to this question:
· 9 companies (Qualcomm, Nokia, NSB, Huawei, Hisilicon, LGE, ZTE, Sanechips, Samsung) answered yes (i.e. support the modification of the formula).
· 1 company (Ericsson) answered no. 
The main concern from Ericsson is that some RBs are not used for sPDCCH with the modified formula, but it could be used for sPDSCH transmission if needed. But if without this modified formula, it doesn’t work for some configuration of the sPDCCH RB set. And considering that the majority of the views is to support the modified formula, it is proposed to move forward on this aspect with the following proposal:
Proposal 7 (Proposed agreement 8): For CRS-based sPDCCH and distributed configuration, the sREG corresponding to an sCCE index n are given by





where , represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set .

	From RAN1#89:

	Agreement
· SFBC is supported for CRS-based sPDCCH
· FFS number of antenna ports
· Single port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· FFS if two port DMRS-based sPDCCH demodulation is supported
· FFS bundling size



In sTTI system, depending on the sTTI index, the number of availableREs per sREG (equivalently sREG) may not be a multiple of 2 or 4, which may result in inefficient SFBC transmission for CRS-based sPDCCH.For example, for sTTI#2 spanning over symbols 5 and 6 of a subframe, if a 2-port CSI-RS is configured, the total number of useable tones is 11. How to handle this issue for CRS-based sPDCCH needs some discussion. Q8 is designed for this aspect. 
Question 8: For CRS-based sPDCCH transmission using SFBC, which option do you support for handling the orphan RE(s) issue (i.e. the number of available REs in an sREG is not a multiple of 2 or 4) due to the configuration of CSI-RS?
· Option 1: Support sPDCCH rate matching within the sREG assuming a Z-port CSI-RS pattern, where
· Z = max(W,4) if a 2-port SFBC and a W-port CSI-RS are configured for a UE, 
· Z = 8 if a 4-port SFBC and W-port CSI-RS are configured for a UE.
· Option 2: UE doesn’t expect a CSI-RS configuration which results in the orphan RE(s) issue (i.e. eNB would configure at least 4-port CSI-RS for an sTTI with 2-port SFBC CRS-based sPDCCH transmission and configure 8-port CSI-RS for an sTTI with 4-port SFBC CRS-based sPDCCH transmission).
· Option 3: Support CRS-based sPDCCH transmission using SFBC with paired REs across consecutive RBs. 
· Option4: Handle SFBC ‘orphan’ REs by repeating an RE of each sREG
· Option 5: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Huawei, HiSilicon
	We are open on this issue but slightly prefer option 2 or option 3. Since there is no ambiguity between eNB and UE on the possible sTTI or possible symbol(s) where would exist this issue, we feel it is possible to handle by configure an appropriate CSI-RS configuration. 
In addition, since we support aggregation level 1, 2, 4 and 8 and the number sREGs within an sCCE is 4, with option 3 we don’t have any orphan RE(s).   

	Nokia, NSB
	Option 4 – as this is wasting the least of the REs and can operate in all the conditions. 
Advantages of Option 4 compared to other options:
· 4 vs 1: In case of option 1, the REs are left empty / wasted – at least Option 4 can increase some redundancy for a single symbol pair (by having 3 REs transmitting them). 
· 4 vs 2: In case the eNB would configure, the orphan issue would not be there anyhow. So if the eNB configures, also there Option 4 would not lead to any worse situation there. 
· 4 vs. 3: Option 3 is only working for localized sPDCCH and is not applicable to distributed sPDCCH. Therefore, we think Option 4 is the more generic solution here. 

We would still like to note one thing here – 4 CRS ports: We don’t see the orphan RE issue as being double as ‘bad’, as there is no need to equally use all the antenna ports within an sREG (i.e. we don’t have the issue of an PDCCH REG size of 4 any more). As an example, we think there is no orphan RE issue in case of having 6 REs left – where 3 SFBC blocks of size 2 can be mapped with slightly uneven antenna usage (2 SFBC blocks use antenna pairs a & b and 1 SFBC block is using antenna pair c & d)

	ZTE, Sanechips
	Option 2. This issue can leave up to eNB implementation. 

	Ericsson
	Option 4

	Qualcomm
	Either Option 2 or Option 5 where the symbols are not mapped to the orphan REs if the total number of available REs is not a multiple of 2.

	LG Electronics
	Option 2 or option 5 (just skipping the orphan RE.)

	Samsung
	Option 4.



Summary of the views on Question 8:
10 companies responsded to this question:
· 6 companies (Qualcomm, Huawei, Hisilicon, LGE, ZTE, Sanechips) support option 2 (i.e. UE doesn’t expect a CSI-RS configuration which results in the orphan RE(s) issue).
· 4 companies (Nokia, ASB, Ericsson, Samsung) support option 4 (i.e. Handle SFBC ‘orphan’ REs by repeating an RE of each sREG). 
· 2 companies (Qualcomm and LG) also support option 5 (i.e. the modulated symbols are not mapped to the orphan REs) in addition to supporting option 2.
It seems that we still have divers views on this aspect, we may need more discussion on the proposed solutions.
Proposal 8: For CRS-based sPDCCH transmission using SFBC, down select the following options for handling the orphan RE(s) due to the configuration of CSI-RS:
· Option 1: UE doesn’t expect a CSI-RS configuration which results in the orphan RE(s) issue
· Option 2: Handle SFBC ‘orphan’ REs by repeating an RE of each sREG
· Option 3: The modulated symbols are not mapped to the orphan REs (i.e. skip the orphan REs)

Question 9: Which option do you support for the scrambling sequence generator initialization for sPDCCH?
· 

Option 1: The scrambling sequence generator shall be initialized with at the start of each subframe, where is the SPDCCH set number. 
· Option 2:  The scrambling sequence generator shall be initialized at the start of each sTTI (please provide your detailed initialization formula if you choose this option).
· Option 3: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Huawei, HiSilicon
	We are fine with either option 1 or option 2.
For option 2, detailed proposal could be:




The scrambling sequence generator shall be initialized with at the start of each sTTI, where is the SPDCCH set number,is slot number in a subframe for 1-slot sTTI andis subslot number in a subframe for 2/3-symbol sTTI.

	Nokia, NSB
	Option 1 – i.e. initialization per subframe
We are just a bit wondering, why changing the scrambling initialization for sPDCCH per sTTI, but neither changing the RS initialization (for sPDCCH & sPDCCH) nor the sPDSCH scrambling initialization per sTTI. So better to keep the per subframe for all. 

	ZTE, Sanechips
	We are fine with either option 1 or option 2 and slightly prefer option 2.



Option2:, wherein (6 for 2/3os sTTI and 2 for 1-slot sTTI) is the number of sTTI in a subframe and  (0~5 for 2/3os sTTI and 0~1 for 1-slot sTTI)is the sTTI number in a subframe.
We think the scrambling initialization is for one TTI which is a subframe in legacy LTE, and it is straight to change the scrambling initialization per sTTI for sPDCCH/sPDSCH/DMRS etc.

	Ericsson
	Option 1

	Qualcomm
	Option 2. The scrambling sequence can be initialized using the following equation:

For the sTTIs where the sDCI is sent in the PDCCH, the PDCCH scrambling sequence can be used.
Also, we agree with Nokia’s comment. Those scrambling initialization of sPDSCH and sPUSCH will be treated in their related email discussion.

	LG Electronics
	We slightly prefer option 2.

	Samsung
	Option 2.

The following can be considered:.



Summary of the views on Question 9:
10 companies responsded to this question:
· 7 companies (Huawei, Hisilicon, Nokia, ASB, Ericsson, ZTE, Sanechips) support option 1 (i.e. at the subframe boundary).
· 5 companies (ZTE, Sanechips, Qualcomm, LG, Samsung) support option 2 (i.e. at the sTTI boundary. 
It seems we still have diverse views on this aspects, thus we need more discussion on this aspects:
Proposal 9: Down select the following options for the initialization of the scrambling sequence generator for sPDCCH:
· 

Option 1: The scrambling sequence generator shall be initialized with at the start of each subframe, where is the SPDCCH set number. 
· Option 2:  The scrambling sequence generator shall be initialized at the start of each sTTI with 
· 



Option 2-1:   , where is the SPDCCH set number, is slot number in a subframe for 1-slot sTTI and is subslot number in a subframe for 2/3-symbol sTTI;
· 



Option 2-2:   , where is the SPDCCH set number, is the number of sTTIs in a subframe, is the sTTI index in a subframe
· 


Option 2-3: , where is the SPDCCH set number, is the number of sTTIs in a subframe, is the sTTI index in a subframe.
· 


Option 2-4:   ,  where is slot number in a subframe for 1-slot sTTI and is subslot number in a subframe for 2/3-symbol sTTI

Question 10: are there any other considerations you would like to share on sPDCCH design?
	Company
	Views

	Nokia, NSB
	We still think that 2-port DMRS-based sPDCCH demodulation should be supported (i.e. confirm the WA) by using the EPDCCH typce of AP mapping using AP 107/108.

	
	

	
	

	
	



Summary of the views on Question 10:
2 companies responsded to this question:
· 2 companies (Nokia, ASB) prefer to confirm the working assumption on the support of 2-port DMRS based sPDCCH transmission. 

Search space
	From RAN1#90bis:

	Agreement:
No maximum size needs to be specified for an sPDCCH RB set.
The overall search space (over all ALs and RB sets) configured to a UE is limited up to 16 sCCEs for 2/3os.
- FFS for 7os



Question 1: What is the maximum size of the overall search space in an sTTI for 1-slot sTTI? Please provide the reason(s) for your choice. 
· Option 1:16 sCCEs
· Option 2: 32 sCCEs
· Option 3:None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 3: Since the timeline for slot TTI is more relaxed for slot TTI than for 2/3os, setting a maximum size for the search space does not seem justified.

	Huawei, HiSilicon
	We are open on this aspect. Considering that the timeline for slot TTI is more relaxed, a bigger value can be considered, but it would be better to be smaller or equal to the overall UE-specific search space for PDCCH.  

	Nokia, NSB
	Option 3 – no restriction. Due to the relaxed timeline, we don’t see a need to restrict for slot sPDCCH. 

	ZTE, Sanechips
	Share with Ericsson. 

	Qualcomm
	For the same reasons as discussed before, a limit needs to be defined. However, it could be more relaxed as compared to the limit defined for the 2/3-symbol case. Hence, Option 2 is more preferred. Setting no limit for the UE’s search space is not reasonable.

	LG Electronics
	Option 3, as 1-slot sTTI has more time budget compared to 2/3-OS.

	Samsung
	Option 3 for flexibility. However, if there is severe issue for processing time, then we can consider other options for restriction.



Summary of the views on Question 1:
10 companies responsded to this question:
· 7 companies (Ericcson, Nokia, ASB, LGE, ZTE, Sanechips, Samsung) support option 3 (i.e. no restriction).
· 3 companies (Qualcomm, Huawei, HiSilicon) support option 2 (i.e. the maximum size of the overall search space in an sTTI for 1-slot sTTI is limited up to 32 sCCEs). 
Based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:
Proposal 10 (Proposed agreement 9): No restriction on the maximum size of the overall search space in an sTTI for 1-slot sTTI.
The agreements achieved for 2/3os in the RAN1#90bis meeting is mainly for sDCI transmitted in sPDCCH. It seems similar limitation should be applied for sDCI transmitted in PDCCH region also. Therefore Q2 is designed to further clarify or collect the views on this aspect. 
Question 2: What is the maximum size of the overall search space for monitoring sDCI in PDCCH region in an sTTI for 2/3-symbol sTTI? Please provide the reason(s) for your choice. 
· Option 1: 16 CCEs
· Option 2: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 1 is fine (isn’t it 16 CCEs and not sCCEs?)

	Huawei, HiSilicon
	We slightly prefer option 1. In our understanding, if limitation on the overall search space for sPDCCH is to reduce the UE complexity, it should be valid for sDCI monitoring in PDCCH region also. 

	Nokia, NSB
	Option 2 – no restriction.
Reasoning: With the proposed search space formulas below for sPDCCH (i.e. configurable flexible starting index), the eNB will be able to influence the overlap of different ALs and therefore adjust the number of candidates appropriately. For PDCCH, with varying overlap depening on Yk (being pseudo random) this might be too restrictive (i.e. would need to be adjusted based on the worst case situation in terms of candidate overlap there). 

	ZTE, Sanechips
	[bookmark: OLE_LINK6]Slightly prefer Option 1. It was agreed that the maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6. So the same limitation can be used for sDCI in PDCCH. 

	Qualcomm
	Option 1.

	LG Electronics
	Option 2. In legacy PDCCH region, it seems that there is no much gain in terms of reducing channel estimation complexity by option 1 because UE anyway has to perform the channel estimation over whole system bandwidth for monitoring the legacy PDCCH.

	Samsung
	Option 1.



Summary of the views on Question 2:
10 companies responsded to this question:
· 6 companies (Ericcson, ZTE, Sanechips, Samsung, Huawei, HiSilicon, Qualcomm) support option 1 (i.e. the maximum size of the overall search space for monitoring sDCI in PDCCH region in an sTTI for 2/3-symbol sTTI is limited up to 16 CCEs).
· 3 companies (Nokia, ASB, LG) support option 2 (i.e. No restriction). 
Based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:
Proposal 11 (Proposed agreement 10): The overall search space configured to a UE for monitoring sDCI in PDCCH region is limited up to 16 CCEs for 2/3-symbol sTTI.

	From RAN1#90bis:

	Agreement:
The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling.
- FFS if the actual starting index is signalled, or if a parameter impacting the starting index

Proposed offline consensus:
For localized DMRS-based sPDCCH, the logical sCCEs corresponding to a sPDCCH candidate m of the sPDCCH search space at aggregation level L are given by:

Alt 1: 		 (EPDCCH equation)

Alt 2: 		

Proposed offline consensus:
For CRS-based sPDCCH, the logical sCCEs corresponding to a sPDCCH candidate m of the sPDCCH search space at aggregation level L are given by:

Alt 1: 		 (PDCCH equation)

Alt 2: 		

Alt 3:		



Question 3: for CRS-based sPDCCH, which option is supported for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level ? Please provide the reason(s) for your choice.
· Option 1(PDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determinedbyhigher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determinedbyhigher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 
· Option 3: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determinedbyhigher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 

	Company
	Views

	Ericsson
	Option 3. It is EPDCCH-like but including that any starting sCCE can be configured. This provides full flexibility to the eNB to configure different UEs within the same sPDCCH RB set. Besides, only option 3 distributes sPDCCH candidates over the RB set. Thisis important for the localized CRS sPDCCH mapping, as it enables the eNB to select the sPDCCH candidate with the best channel conditions.

	Huawei, HiSilicon
	Option 1. The same hash function as legacy CRS-based PDCCH is reused, which could provide some chance to reuse some implantation for PDCCH. Therefore, it is possible simpler from implementation perspective. 
In addition, it seems there is no strong motivation to enable non-contiguous CCEs among different sPDCCH candidates at a given aggregation level for sTTI as in option 3. 
For localized EPDCCH, 4 CCEs with contiguous CCE number can be included in a PRB, so frequency selective scheduling gain can not be fully achieved if six candidates of  AL=1 are only mapped to the first two PRB pairs. However, for localized CRS-based sPDCCH, a CCE will be mapped to four PRBs within 1-symbol RB set and two PRBs within 2-symbol RB set. Therefore, frequency selective scheduling can be guaranteed through different sPDCCH candidate. In addition, an sPDCCH RB set can be configured on non-contiguous RBs, so several sPDCCH candidates can be distributed on different RBs, an example is shown in the Figure below.



Option 1 is better from coexistence of locailized sPDCCH and distributed sPDCCH perspective. As shown in the Figure below, the probability of sPDCCH blocking with option 3 is higher than that with option 1. For example, with option 1, an distributed sPDCCH with AL=2 collides with 4 localized sCCEs. However, with option 3, an distributed sPDCCH with AL=2 collides with 8 localized sCCEs.



As to the starting sCCE, the method in option 1 could reduce the blocking probability from different UEs, because it can be expected that more sPDCCH candidates from a UE would be blocked due to the transmission of one sPDCCH candidate of other UE with both option 2 and option 3. For example, with option 1 one sPDCCH candidate from UE1 will only block one sPDCCH candidate with the same aggregation level from UE2. However, with option 2 or option 3, it is possible that 2 sPDCCH candidates with the same aggregation level from UE2 will be blocked as shown in the following figure.





	Nokia, NSB
	Option 3 – as this provides real configurability of the starting index also for AL>1 and the candidates being distributed in the f-domain (based on the EPDCCH principle). This will give more flexibility in terms of having the sDCI allocated within the sPDSCH allocation and give more flexibility in terms of 1ms PDSCH co-existance. 

	ZTE, Sanechips
	
We are fine with both option 2 and option 3. For option 3, some scheduling gain can be obtained as Ericsson mentioned. As for option 1, we think no need to restrict the starting sCCE to fulfill. For example, the candidates of UE#1 with AL=1 are CCE#0, CCE#1, CCE#2, it should allow the candidates of UE#2 with AL=2 starts from CCE#3 (making the used resources more concentrated) by configuring the starting sCCE in a more flexible way like option 2. 

	Qualcomm
	Option 1. Agree with HW on the blocking issue.

	LG Electronics
	Option 1. We can reuse the hashing function of legacy PDCCH for CRS-based sPDCCH considering the blocking probability among different candidates of different UEs. Frequency-selective scheduling of the candidates can be achieved even with the hashing function of legacy PDCCH because of the sREG structure and mapping principle of sCCE-to-sREG for CRS-based sPDCCH (i.e., frequency-first time-second).

	Samsung
	Option 3. 




Summary of the views on Question 3:
10 companies responsded to this question:
· 4 companies (Huawei, HiSilicon, Qualcomm, LG) support option 1.
· 6 companies (Ericcson, ZTE, Sanechips, Samsung, Nokia, ASB) support option 3. 
It seems we still need more discussion on this aspect in the next meeting.
Proposal 12: For CRS-based sPDCCH, down select the following options for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level  :
· Option 1(PDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determined by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determined by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 

Question 4: for localized DMRS-based sPDCCH, which option is supported for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level ? Please provide the reason(s) for your choice.
· Option 1(EPDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determined by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determined by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 

	Company
	Views

	Ericsson
	Both options are fine. In particular, both options lead to distributed sPDCCH candidates over the RB set enabling the eNB to select the sPDCCH candidate with the best channel conditions.
We have a preference for option 2, as it provides more flexibility on the starting sCCE and is aligned with the CRS based sPDCCH case (previous question).

	Huawei, HiSilicon
	Option 1. The same hash function as legacy EPDCCH is reused, which could provide some chance to reuse some implantation for EPDCCH. Therefore, it is possible simpler from implementation perspective. Especially that for DMRS-based sPDCCH localzed transmission seems more typical.  
In addition, as described in our reply for Q3, compared to option 2, option 1 could reduce the blocking probability from different UEs, because it can be expected that more sPDCCH candidates from a UE would be blocked due to the transmission of one sPDCCH candidate of other UE with option 2.

	Nokia, NSB
	Option 2 – as this provides real configurability of the starting index also for AL>1 (compared to Option 1). This would be then the same as for CRS-based sPDCCH (if Option 3 is chosen for CRS-based in Q4 above). 

	ZTE, Sanechips
	Slightly prefer Option 2 as answered in Q3.

	Qualcomm
	Option 1.

	LG Electronics
	Option 1. We can reuse the hashing function of legacy EPDCCH for localized DMRS-based sPDCCH considering the blocking probability among different candidates of different UEs.

	Samsung
	Option 1. EPDCCH function can be simply reused.



Summary of the views on Question 4:
10 companies responsded to this question:
· 6 companies (Ericcson, Huawei, HiSilicon, Qualcomm, LG, Samsung) support option 1.
· 4 companies (ZTE, Sanechips, Nokia, ASB) support option 2. 
It seems we still need more discussion on this aspect in the next meeting.
Proposal 13: For localized DMRS-based sPDCCH, down select the following options for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level  :
· Option 1(EPDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determined by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determined by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 


Question 5: Which option do you support forfor determing sCCEs of an sPDCCH search space at aggregation level Lfor sPDCCH? Please provide your reason for your choice.
· 
Option 1:is configured by higher layer signaling. 
· 

Option 2:is configured by higher layer signaling and  , where [image: ],[image: ],[image: ].
· Option 3:None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer option 1.  In our understanding, allowing random hopping on the sCCE starting index may be not good for multiplexing of sPDCCH and sPDSCH.   

	Nokia, NSB
	Option 1
With this operation the multiplexing for sPDCCH and sPDSCH can be easier adjusted by eNB as Huawei pointed out. Moreover, we don’t see a strong reason for inter-cell randomization of location as (1) it depends on the sPDCCH set configuration in different neighboring cells (i.e. which PRBs), (2) on the configuration of the starting in index in neighboring cells and (3) most importantly, in contrast to PDCCH (where unused REGs/CCEs create no interference) we have the intention to multiplex sPDSCH on the unused resources. Therefore, we don’t really see the advantage of inter-cell randomization as the advantages being present for PDCCH would not be there anyhow (due to re-use of unused resources for sPDSCH as much as possible). 

	Ericsson
	Option 1

	ZTE, Sanechips
	Option 1. Share with Huawei. 

	Qualcomm
	Option 1 is fine.

	LG Electronics
	Option 2.
Consideration on the reliability of sPDCCH should be the first priority rather than multiplexing between sPDCCH and sPDSCH. Multiplexing between control and data would be nothing if UE fails to decode control channel. There are many scenarios that the sTTI UE is affected by the inter-cell interference. (e.g., PDSCH, CRS and/or CSI-RS, sPDCCH of the neighbor cell, etc.) As I mentioned on email reflector, especially in HetNet scenario, if sTTI operation is configured for a certain UE in pico-cell, sPDCCH for that UE can be affected by interference from macro-cell even though the pico-cell sTTI UE is located at the center of pico-cell. If the eNB just configures the fixed starting sCCE index itself and use it during tens of milli-secconds, only a specific candidate(s) may consistently suffer from inter-cell interference. Therefore, inter-cell interference randomization mechanism is still needed on sPDCCH as in the legacy.

	Samsung
	Option 2 is preferred.



Summary of the views on Question 5:
10 companies responsded to this question:
· 8 companies (Ericcson, Huawei, HiSilicon, Qualcomm, LG, Samsung) support option 1.
· 2 companies (LG, Samsung) support option 2. 
Based on the majority of the views, it is proposed to move forward on this aspect with the following proposal:

Proposal 14: For determing the sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation level in sPDCCH RB set p in sTTI k,is configured by higher layer signaling.

Question 6: are there any other considerations you would like to share on search space?
	Company
	Views

	Ericsson
	Once there is a decision on the support of UL and DL sDCI size alignment, the two following FFSs from RAN1#90 should be solved.
	Agreement:
A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 
- FFS: The value of M_total.
- FFS: The total number of RB sets configurable to a UE

Agreement:
For sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. Value of M_sDCI^(L) is FFS.




	Huawei, HiSilicon
	Once we achieve agreement on whether to support alignment between UL and DL sDCI size based on email discussion [90b-LTE-07] on sDCI, we can get the maximum allowable number of sPDCCH candidatesM_totaland the maximum allowable number of PDCCH candidatesM_sDCI^(L)based on the agreed values for the maximum allowable blind decodes in RAN1#90 meeting as below:
Agreement:
The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6.
Agreement:
The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 1-slot is 12.
One additional thing we may need to further discuss is that we may also need some further limitation on the maximum allowable number of PDCCH candidates for higher aggregation level. We have the agreement that the overall search space (over all ALs and RB sets) configured to a UE is limited up to 16 sCCEs for 2/3os. As addressed in Q2, the maximum size of the overall search space for monitoring sDCI in PDCCH region in an sTTI for 2/3-symbol sTTI should be limited up to 16 CCEs also. In this case, if a AL 4 or AL 8 is configurd, the maximum allowable number of PDCCH candidates should be limited up to 2 also. In addition, it seems no strong motivation to allow the maximum allowable number of PDCCH candidates for monitoring sDCI in PDCCH region larger than the corresponding ones for monitoring DCI in PDCCH region. Therefore, we have the following proposal:
Proposal:  The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is
· less than or equal to 2 for aggregation level 4 and 8,
· less than or equal to 6 for aggregation level 1 and 2

	Nokia, NSB
	The M_total will be directly given by the number of sDCI sizes the UE is required to monitor – assuming a single sDCI size, M_total=6 (for subslot) and M_total=12 (for slot). 
Related to the proposal by Huawei above, we don’t really see a need to give further restrictions to the M_L configuration as we already have the restriction on the number of sCCEs for subslot sPDCCH in place.  

	
	




Summary of the views on Question 6:
5 companies responsded to this question:
· 2 companies (Huawei, HiSilicon) propose to support limit the maximum number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region.
· 2 companies (Nokia, ASB) feel that no restriction is needed. 
This aspect may need further discussion. 


Conclusion  
Based on the inputs/discussions/summary in section 3 and the discussion by email, some aspects still need more discussion. 
For the proposed agreements in section 2, the following ones still need more discussion in the RAN1#91 meeting:
Proposed agreement 1: 
A UE can be configured with up to two RB sets for sPDCCH monitoring that apply to MBSFN subframes, and up to two RB sets that apply to non-MBSFN subframes.

Proposed agreement 5: 
The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.

Proposed agreement 6: 
The number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2.

Proposed agreement 6-1: 
The UE is not expected to be configured with a DMRS-based RB set for which the allocated RBs partially cover sPRGs.

Proposed agreement 9: 
No restriction on the maximum size of the overall search space in an sTTI for 1-slot sTTI.
Proposed agreement 10: 
The overall search space configured to a UE for monitoring sDCI in PDCCH region is limited up to 16 CCEs for 2/3-symbol sTTI.
Based on the inputs in section 3, the following proposals are made for further discussion in RAN1#91 meeting:
Proposal 5: For localized CRS-based sPDCCH, down select the following options for the mapping of modulated symbols to REs:
· Option 1: The modulated symbols for an localized CRS-based sPDCCH are mapped to the REs according  to step 1-2 below:
· Step 1: Perform a block interleaver within the sREGs for the sPDCCH candidate with aggregation level L, where the number of rows equal to L and the number of columns equal to 4 (i.e. the number of sREGs in an sCCE). The sREGs are written into the matrix row by row and read out column by column
· Step 2: The modulated symbols are mapped to available REs within the interleaved sREGs in increasing order (i.e. one by one manner)
· Option 2: The modulated symbol i are mapped to sREGs given by 

Where X is the total number of sCCEs in the configured RB set, Y is the starting sCCE index for aggregation level L,  is the number of sREG per sCCE, and  is the number of sREGs for aggregation level L. 
· Option 3: The indices of the sREGs corresponding to a candidate of AL = L are written in a block interleaver matrix with 2 columns row-by-row, and read column by column. The modulated symbols are mapped to the sREGs in order as specified by the output of the interleaver.
· Option 4: Sub-block interleaver is performed for the modulated symbols.

Proposal 8: For CRS-based sPDCCH transmission using SFBC, down select the following options for handling the orphan RE(s) due to the configuration of CSI-RS:
· Option 1: UE doesn’t expect a CSI-RS configuration which results in the orphan RE(s) issue
· Option 2: Handle SFBC ‘orphan’ REs by repeating an RE of each sREG
· Option 3: The modulated symbols are not mapped to the orphan REs (i.e. skip the orphan REs)

Proposal 9: Down select the following options for the initialization of the scrambling sequence generator for sPDCCH:
· 

Option 1: The scrambling sequence generator shall be initialized with at the start of each subframe, where is the SPDCCH set number. 
· Option 2:  The scrambling sequence generator shall be initialized at the start of each sTTI with 
· 



Option 2-1:   , where is the SPDCCH set number, is slot number in a subframe for 1-slot sTTI and is subslot number in a subframe for 2/3-symbol sTTI;
· 



Option 2-2:   , where is the SPDCCH set number, is the number of sTTIs in a subframe, is the sTTI index in a subframe
· 


Option 2-3: , where is the SPDCCH set number, is the number of sTTIs in a subframe, is the sTTI index in a subframe.
· 


Option 2-4:   ,  where is slot number in a subframe for 1-slot sTTI and is subslot number in a subframe for 2/3-symbol sTTI

Proposal 12: For CRS-based sPDCCH, down select the following options for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level  :
· Option 1(PDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determined by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determined by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k.

Proposal 13: For localized DMRS-based sPDCCH, down select the following options for determining the logical sCCEs corresponding to an sPDCCH candidate  of the sPDCCH search space at aggregation level  :
· Option 1(EPDCCH equation): The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where is determined by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and is the number of sPDCCH candidates to monitor at aggregation level in sTTI k.
· Option 2: The logical sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation levelare given by





where  is determined by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],andis the number of sPDCCH candidates to monitor at aggregation level in sTTI k. 


Proposal 14: For determing the sCCEs corresponding to sPDCCH candidateof the sPDCCH search space at aggregation level in sPDCCH RB set p in sTTI k,is configured by higher layer signaling.
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