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Introduction
An email discussion [90-07] on sPDCCH search space was performed post RAN1#90 meeting, where sPDCCH candidate configuration for different sTTIs and sPDCCH search space structure were discussed. This document provides a summary of the email discussion [90-07] and also offer proposals on the possible agreements or way forwards. The document [1] with questions and individual company inputs of email discussion [90-07] are attached in Appendix.  
Summary of the email discussion 
sPDCCH candidate configuration for different sTTIs
Question 1: which option is supported for DMRS-based sPDCCH? Please provide the reason(s) for your choice. 
· Option 1: DMRS-based sPDCCH is only applied to MBSFN subframe.
· Option 2:DMRS-based sPDCCH is applied to both MBSFN subframe and non-MBSFN subframe.
13 companies provided inputs to Q1. Based on the inputs, 
· 12 companies support option 1. Most companies support it for more flexibility. 1 company support it for achieving beamforming and better utilization of multiple antennas at the eNB.   
· 1 company support option 2. The main motivation is to reduce the control DMRS overhead in non-MBSFN subframes.    
There seems to be majority view to support option 1. In addition, considering that eNB could just configure CRS-based sPDCCH in non-MBSFN subframe if the RS overhead is a concern in some scenario, it is proposed to move forward on this aspect with the following proposal:
Proposal 1: DMRS-based sPDCCH is applied to both MBSFN subfarme and non-MBSFN subframe. 
Question 2: if your choice for Q1 is option 2, do you support separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe (i.e. different sPDCCH RB sets are configured for non-MBSFN subframe and MBSFN subframe), even when UE only needs to monitor DMRS-based sPDCCH in both non-MBSFN subframe and MBSFN subframe (i.e. no need to monitor CRS-based sPDCCH in non-MBSFN subframe)? Please provide the reason(s) for your answer. 
13 companies provided inputs to Q2. Based on the inputs, 
· 8 companies answered yes (i.e. support separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe).  
· 3 companies answered no.  
· 2 companies feels need more discussion.   
Among the 5 companies who answered no or feel need further discussion, 1 company is worried that it doesn’t follow the previous agreement “A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI”, here further clarify that even with separate sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe, up to two sPDCCH RB set(s) containing the sTTI USS will be still maintained. 3 companies seems don’t see the motivation for separate configuration. Here further clarify that the main motivation is to simplify signaling design on supporting different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. As described in [1], if CRS-based sPDCCH is configured to a UE, how to configure different number of sPDCCH candidates for different sTTIs can only focus on different sTTIs in a subframe since anyway different sPDCCH RB set configraution is needed for non-MBSFN subframe and MBSFN subframe. If separate configuration of DMRS-based sPDCCH for non-MBSFN subframe and MBSFN subframe is supported, how to configure different number of DMRS-based sPDCCH candidates for different sTTIs can also only focus on different sTTIs in a subframe also. Then uniformed signaling design can be achieved. In addition, according to the inputs for Q5, there is no detailed proposal on the signaling design from companies who answered no for Q2.
Based on the above consideration, it is proposed to move forward on this aspect with the following proposal:
Proposal 2: Support separate sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe.

Question 3:which option is supported for sPDCCH candidate configuration for different sTTIs in a subframe (i.e. to support different number of sPDCCH candidats per aggregation level to be monitored for different sTTIs in a subframe) for 2/3-symbol sTTI? Please provide the reason(s) for your choice.
· Option 1: Up to N values of the number of sPDCCH candidates can be configured per aggregation level for an sPDCCH RB set, and  the applicable sTTI(s) per subframe for each value is indicated in a bitmap manner (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). FFS the value of N. 
· Option 2:None of the above (please provide your detailed proposal if you choose this option).
13 companies provided inputs to Q3. Based on the inputs, 
· all companies support option 1 for leaving more flexibility to eNB.  
There seems to be consensus to support option 1. 
Question 4:if your choice for Q3 is option 1 (i.e. up to N values can be configured per aggregation level), which option is supported for the value of N for 2/3-symbol sTTI? Please provide the reason(s) for your choice.
· Option 1: 2
· Option 2: None of the above (please provide your detailed proposal if you choose this option)
12 companies provided inputs to Q4. Based on the inputs, 
· 8 companies support option 1.
· 2 companies support 2 or 3 for the value of N depending on further agreements on other aspects like multi-sTTI scheduling, {2,7} PUSCH scheduling from a signle versus several sTTIs and #sREGs per sCCE for DMRS-based sPDCCH.
· 2 companies support 3 as the value of N.   
There seems to be majority view to support option 1. Combined the inputs from Q3 and Q4, it is proposed to move forward on this aspect with the following proposal:  
Proposal 3: Up to N values of the number of sPDCCH candidates can be configured per aggregation level for an sPDCCH RB set, and  the applicable sTTI(s) per subframe for each value is indicated in a bitmap manner (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). 
· The value of N is 2.
Question 5:if your answer for Q2 is no (i.e. not support  separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe), please provide your detailed proposal on signaling design for supporting different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. 
5 companies provided inputs to Q5. Based on the inputs, 
· 1 company don’t see the motivation to support separate configuration for non-MBSFN subframe and MBSFN subframe.  
· 1 company feels no need to support different number of sPDCCH candidate in MBSFN subframe.  
· 2 companies feel that it needs more discussion.   
· 1 company raise the concern that we need to consider UE complexity and further discuss the limitation on the sPDCCH RB set size. 
Question 5 is to collect views on signaling design for supporting different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index if separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe is not supported. However, no detailed inputs on the signaling design. 

sPDCCH search space structure 
Question 1:is the starting sCCE index of an sPDCCH seach space at aggregation level  (i.e. the starting sCCE index of the first sPDCCH candidate at aggregation level ) configured by higher layer signaling? Please provide the reason(s) for your answer and if your answer is no please provide your detailed proposal.
13 companies provided inputs to Q1. Based on the inputs, 
· 10 companies answered yes.
· 2 companies feel that it should be determined by hashing function. 
· 1 company prefers fixed starting sCCE index to always achieve nested structure.
There seems to be majority view to support configurable starting sCCE index. Considering that nested structure is still possible by configuring the same starting sCCE index and for progress, it is proposed to move forward on this aspect with the following proposal:   
Proposal 4: The starting sCCE index of an sPDCCH search space at aggregation level L is configure by higher layer signaling.
Question 2:do you support sPDCCH candidates belonging to an sPDCCH search space at aggregation level L are mapped consecutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p? Please provide the reason(s) for your answer.
13 companies provided inputs to Q2. Based on the inputs, 
· 12 companies answered yes.
· 1 company answered no. The motivation is to spread sPDCCH candidates of a given AL over as many RB as possible to achieve frequency selective scheduling.
There seems to be majority view to support consecutive sCCEs for sPDCCH candidates at a given aggregation level (i.e. answered yes). Considering that frequency selective scheduling gain can be achieved by allocating different sPDCCH RB sets in different RBs and consecutive sCCEs may enable more efficient resource sharing between sPDCCH and sPDSCH, and for progress it is proposed to move forward on this aspect with the following proposal:   
Proposal 5: sPDCCH candidates belonging to an sPDCCH search space at aggregation level L are mapped consevutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p.




Question 3:do you support an sPDCCH candidate consisting of consecutive sCCEs only starts on an sCCE fulfilling, whereis the sCCE number within an sPDCCH RB set andis the number of sCCEs corresponding to aggregation level L? Please provide the reason(s) for your answer.
13 companies provided inputs to Q3. Based on the inputs, 
· 9 companies answered yes. The main motivation is to reduce the blocking probability from different UEs.
· 4 companies answered no. Two companies feel without this restriction it could moreover enable rather compact packing of non-overlapping candidates. Two other companies feel that without this restriction it could be more flexible. 
There seems to be majority view to support tree-based structure for the potential sPDCCH candidate positions in an sPDCCH RB set. Considering that whether rather compact packing of non-overlapping candidates is beneficial depends on the scheme to be used for indicating unused sPDCCH resource and the blocking probability does exist without this restriction, and for progress it is proposed to move forward on this aspect with the following proposal:   




 Proposal 6: Within an sPDCCH RB set, an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level .
Question 4:which option is supported for determining the sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level ? Please provide the reason(s) for your choice.
· Option 1(PDCCH-like): The sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation levelare given by





where  is configured 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 (EPDCCH-like): The sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation levelare given by





where  is configured 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 3: None of the above (please provide your detailed proposal if you choose this option)
13 companies provided inputs to Q3. Based on the inputs, 
· 9 companies support option 1 (PDCCH-like).
· 1 company support option 2 (EPDCCH-like). The motivation is to spread sPDCCH candidates of a given AL over as many RB as possible to achieve frequency selective scheduling. And possibly reduce blocking probability if the starting sCCE index for all aggregation levels are the same.
· 2 companies support option 3: The sCCEs corresponding to sPDCCH candidate m  in the search space are given by 


· 1 company support nested structure with fixed starting sCCE index.
There seems to be majority view to support option 1 (i.e. PDCCH-like sPDCCH search space structure). In addition, as described for Q2 above, frequency selective scheduling gain can be achieved by allocating different sPDCCH RB sets in different RBs, thus there seems no strong motivation to support option 2. As described for Q3 above, with restriction on the potential candidate sPDCCH positions, blocking probability among different UEs can be reduced, thus there seems no strong motivation to support option 3. Finally, nested structure with fixed starting sCCE for all aggregation levels can be achieved by option 1 also.  Therefore, for progress it is proposed to move forward on this aspect with the following proposal:   
Proposal 7: The logical sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation level are given by 





where  is configured 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.

Summary of proposals    
The document provides a summary of email discussion [90-07] on sPDCCH search space. Based on the summary in section 2, the proposals on the possible agreements or way forward are summarized as below:
Proposal 1: DMRS-based sPDCCH is applied to both MBSFN subfarme and non-MBSFN subframe. 
Proposal 2: Support separate sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe.
Proposal 3: Up to N values of the number of sPDCCH candidates can be configured per aggregation level for an sPDCCH RB set, and  the applicable sTTI(s) per subframe for each value is indicated in a bitmap manner (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). 
· The value of N is 2.
Proposal 4: The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signaling.
Proposal 5: sPDCCH candidates belonging to an sPDCCH search space at aggregation level L are mapped consevutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p.




Proposal 6: Within an sPDCCH RB set, an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level .
Proposal 7: The logical sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation level are given by 





where  is configured 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.
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Appendix– Questions and individual company responses
The details of the questions and individual company inputs of email discussion [90-07] can be found in the attached file as below:
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Introduction

The purpose of this email discussion is to share views on the remaining issues ofsPDCCH search space design for sTTI operation, mainly focuses on sPDCCH candidate configuration for different sTTIs and sPDCCH search space structure.This document provides a list of questions to progress the understanding of the proposals for sPDCCH search space design.Companies are encouraged to provide inputs by 20thSeptember.



For reference, RAN1agreementsrelated to sPDCCH search space for sTTI from RAN1#90 meetingare copied below [1].

		Related agreements at the RAN1#89 meeting:



		Agreements:

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

· 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 Lwithin 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 sTTIover all sPDCCH sets and aggregation levels.

· The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space.

· 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.

· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 1-slot is 12.

· Support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. FFS configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead, details on configuration.

· Whether the UE-specific search spaces for different UEsoverlap is up to configuration.

· 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.

· The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI.

· CRS-based sPDCCH is only applied to non-MBSFN subframe.









sPDCCH candidate configuration for different sTTIs

In the RAN1#90 meeting, it was agreed to support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index.FFS configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead, details on configuration.

As agreed in the RAN1#90 meeting[1], CRS-based sPDCCH is only applied to non-MBSFN subframe. That is, when CRS-based sPDCCH RB set(s) is configured to a UE for montoring sDCI in non-MBSFN subframe, DMRS-based sPDCCH RB set(s) also needs to be configured to the UE for monitoring sDCI in MBSFN subframe. In this case, the number of sPDCCH candidates per aggregation level to be monitored in non-MBSFN subframe and MBSFN subframe may be different. The configuration of different number of sPDCCH candidates per agreegation level for MBSFN subframe and non-MBSFN subframe can be achieved through the sPDCCH candidate configuration for CRS-based sPDCCH RB set(s) and DMRS-based sPDCCH RB set(s). That is, how to configure different number of sPDCCH candidates for different sTTIs can only focus on different sTTIs in a subframe. The detailed signaling design can refere to Q3. 

In the RAN1#90 meeting, there was no consensus on whether to support DMRS-based sPDCCH in non-MBSFN subframe. If DMRS-based sPDCCH in non-MBSFN subframe is supported, then whether to support separate DMRS-based sPDCCH RB sets configuration for non-MBSFN subframe and MBSFN subframe needs to be further discussed, which will have impact on signaling design for sPDCCH candidate configuration for different sTTIs. Q1 to Q5 are designed to collect views on these aspects.

Question 1: which option is supported for DMRS-based sPDCCH? Please provide the reason(s) for your choice. 

· Option 1: DMRS-based sPDCCH is only applied to MBSFN subframe.

· Option 2:DMRS-based sPDCCH is applied to both MBSFN subframe and non-MBSFN subframe.

		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Option 2: As there is no extra specification effort to support DMRS-based sPDCCH also in non-MBSFN subframes, we don’t see any reason to not support this option as well. 



		ZTE, Sanechips

		Option 2. In non-MBSFN subframe, whether DMRS-based sPDCCH is used or not can be configured in granularity of sTTI. 



		Huawei, HiSilicon

		We slightly prefer option 2 considering it could leave more flexibity on PDCCH monitoring at least for non-MBSFN subframe.  



		Ericsson

		Option 2. DMRS-based sPDCCH could be also applied to non-MBSFN subframes, e.g. as EPDCCH, to support UE specific beamforming and better utilization of multiple antennas at the eNB.



		Samsung

		Option 2. We don’t need to restrict DMRS-based sPDCCH only in MBSFN.



		LG Electronics

		Option 2. It seems that there is no reason to have a restriction on supporting DMRS-based sPDCCH in non-MBSFN subframe.



		Motorola Mobility, Lenovo

		Option 2 can be supported, especially if an sCCE for DMRS-based is composed of 6 sREGs/sCCE for all sTTIs of a subframe. 



		KT

		Option 2. There is no reason for restriction of DMRS-based PDCCH.



		Qualcomm

		To reduce the control DMRS overhead in non-MBSFN subframes (especially over sTTIs including the CRS symbols), we prefer Option 1. Further, in our view, similar to EPDCCH, the support for DMRS-based sPDCCH should be a UE capability.





Question 2: if your choice for Q1 is option 2, do you support separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe (i.e. different sPDCCH RB sets are configured for non-MBSFN subframe and MBSFN subframe), even when UE only needs to monitor DMRS-based sPDCCH in both non-MBSFN subframe and MBSFN subframe (i.e. no need to monitor CRS-based sPDCCH in non-MBSFN subframe)? Please provide the reason(s) for your answer. 

		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes: Considering that CRS based sPDCCH is not supported in MBSFN subframes and having a fixed limit on the number of BDs, there might be a reason to at least be able to configure a number of sPDCCH candidates in MBSFN and non-MBSFN subframes. 



		ZTE, Sanechips 

		Yes. For non-MBSFN subframe, the total number of candidates for both DMRS based + CRS based sPDCCH should not be larger than the maximum value, while only DMRS based sPDCCH needs to be considered in MBSFN subframe.



		Huawei, HiSilicon

		Yes. For DMRS-based sPDCCH monitoring, 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 coresponding 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.

In addition, in our understanding, either DMRS-based sPDCCH or CRS-based sPDCCH is configured to be monitored in non-MBSFN subframe. That is, there is no need to support monitoring both CRS-based sPDCCH and DMRS-based sPDCCH in non-MBSFN subframe. 

If CRS-based sPDCCH is configured to be monitoried in non-MBSFN subframe, different sPDCCH RB sets are configured for non-MBSFN subframe and MBSFN subframe. 



		Ericsson

		Yes. Considering that a DMRS based sPDCCH PRB set configured for non-MBSFN subframes will contain also CRS reference signal overhead, it might need to configure there different number of candidates per aggregation level. For instance, higher ALs may include more candidates.



		Samsung

		No. Since up to two sPDCCH RB sets can be configured, the eNB can manage RB sets for MBSFN/non-MBSFN subframes.



		LG Electronics

		No. If DMRS-based sPDCCH RB set(s) is(are) configured for non-MBSFN subframe, MBSFN subframe can inherit the corresponding RB set(s). 

If different configurations on sPDCCH RB set are configured for different sTTIs in non-MBSFN subframe, sTTIs can be grouped into two groups according to whether the sTTI has CRS or not. Then, the DMRS-based sPDCCH RB set configuration for the sTTI with no CRS can directly be applied 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.

The need for configuring different RB sets for MBSFN & non-MBSFN subframes (e.g., due to different CRS overhead in some sTTIs of different subframe types) requires more discussion (e.g., depending on # of sREGs/sCCE)   



		KT

		Option 2. We share the same view with Nokia and ZTE.



		Qualcomm

		Although we prefer Option 1 for Question 1, if Option 2 is adopted, then there is no need to configure separate RB sets for MBSFN and non-MBSFN subframes.





Note: As described above, if CRS-based sPDCCH is configured to a UE, how to configure different number of sPDCCH candidates for different sTTIs can only focus on different sTTIs in a subframe. If your choice for Q1 is option 2 and your answer to Q2 is yes, how to configure different number of DMRS-based sPDCCH candidates for different sTTIs can also only focus on different sTTIs in a subframe. Q3 and Q4 are designed to collect views on detailed signaling design on sPDCCH candidate configuration for different sTTIs in a subframe.

In addition, please note that Q3 to Q5 are mainly for 2/3-symbol sTTI. For 1-slot sTTI, since we have agreement that sDCI is transmitted in legacy PDCCH region in RAN1#90 meeting, sPDCCH candidate configuration is only needed for one sTTI (i.e. sTTI1) in a subframe. Therefore there is no need to discuss signaling design for sPDCCH candidate configuration for different sTTIs in a subframe. 

Question 3:which option is supported for sPDCCH candidate configuration for different sTTIs in a subframe (i.e. to support different number of sPDCCH candidats per aggregation level to be monitored for different sTTIs in a subframe) for 2/3-symbol sTTI? Please provide the reason(s) for your choice.

· Option 1: Up to N values of the number of sPDCCH candidates can be configured per aggregation level for an sPDCCH RB set, and  the applicable sTTI(s) per subframe for each value is indicated in a bitmap manner (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). FFS the value of N. 

· Option 2:None of the above (please provide your detailed proposal if you choose this option).

		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Option 1



		ZTE, Sanechips

		Option 1. 

We are also OK to bundle the 5 sTTI into 2 sTTI sets. Then only 2 bits are needed.  



		Huawei, HiSilicon

		Option 1. Based on the discussion in RAN1#90 meeting, it seems there are different motivations to support different number of sPDCCH candidates per aggregation level to be monitored for different sTTIs in a subframe. It can be expected that different motivation may result in differet views on sTTI set(s) definition. For progress and flexibility, we prefer to support option 1 and then eNB could configure what it wants according to its actual motivation or benfits. 



		Ericsson

		Option 1. As described by Huawei, it can provide enough flexibility to the eNB to make a proper configuration of candidates per AL as well as, if needed, a different configuration per sTTI. For instance, sTTIs containing a higher RS overhead may be configured with a higher number of candidates at higher ALs.



		Samsung

		Option 1.



		LG Electronics

		Option 1.



		Motorola Mobility, Lenovo

		Option 1



		KT

		Option 1.



		Qualcomm

		Option 1 is fine with us. N =2 seems to be sufficient for the 2/3-symbol sTTIs to provide two sets of ALs/#candidates per AL for different sTTIs depending on the presence or absence of CRS in non-MBSFN subframes.





Question 4:if your choice for Q3 is option 1 (i.e. up to N values can be configured per aggregation level), which option is supported for the value of N for 2/3-symbol sTTI? Please provide the reason(s) for your choice.

· Option 1: 2

· Option 2: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Nokia, Nokia Shanghai Bell 

		For slot-level TTI, a single set N=1 should be sufficient as there is only a single sPDCCH present per subframe (so clearly option 2 with N=1 would be applicable there)

For subslot TTI, N=2 or 3 could be feasible pending further remaining open issues as mult-sTTI scheduling, {2,7} PUSCH scheduling from a single versus several sTTIs, #sREGs per sCCE for DM-RS based sPDCCH. 



		ZTE, Sanechips

		Option 2

N=3 is prefered. As we agreed to support maximum 6 blind decodes per AL for 2/3-OS sTTI, then the maximum candidates is 3 if two different sDCI size are supported.  



		Huawei, HiSilicon

		We slightly prefere option 1. Though the main motivation for option 1 in Q3 is to leave flexibility, it would be better to limit the maximum configured values also for saving the signaling overhead and also for reducing the possible complexity from UE implementation perspective. 

Note: The text before Q3 already mentioned that the questions are mainly for 2/3-symbol. But “for 2/3-symbol” is added here for clarification. 



		Ericsson

		Option 1. We consider that up to two configurations provide enough flexibility to the eNB.

Could ZTE clarify their answer? We don’t see the relation between number of blind decodes and the value of N. If needed, it is up to the eNB to properly configure the candidates per sDCI size to monitor.The configuration of the number of candidates at each aggregation level to be monitored by a UE for each configured sPDCCH RB set should be up to eNB configuration. Hence, it is up to the eNB to guarantee that the total number of candidates to be monitored by a UE is not higher than the maximum allowable blind decodes per sTTI.

Just as an example with one sPDCCH RB set configured to a UE and assuming N=2, our understanding is that the configuration could look like:

· Configuration 1 (N=1):

Nr of candidates per AL {AL1 AL2 AL4 AL8} = {2 2 1 1}

sTTI index {sTTI1 sTTI2 sTTI3 sTTI4 sTTI5} = {1 0 1 0 1}

· Configuration 2 (N=2):

Nr of candidates per AL {AL1 AL2 AL4 AL8} = {3 2 1 0}

sTTI index {sTTI1 sTTI2 sTTI3 sTTI4 sTTI5} = {0 1 0 1 0}





		Samsung

		Option 2. Two configurations seem enough.



		LG Electronics

		Option 1. sTTIs can be grouped to two groups according to whether the sTTI has CRS or not in non-MBSFN subframe. Then, two configurations can be applied to those two sTTI groups, respectively.



		Motorola Mobility, Lenovo

		Option 1



		Qualcomm

		With the current agreements, we prefer N = 1 to configure two sets of ALs and #candidates per AL depending on whether the CRS is present or not in non-MBSFN subframes.





Note: Please checkQ5 if your answer for Q2 is no (i.e. not support  separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe), otherwise you can skip these questions.

Question 5:if your answer for Q2 is no (i.e. not support  separate DMRS-based sPDCCH RB set configuration for non-MBSFN subframe and MBSFN subframe), please provide your detailed proposal on signaling design for supporting different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. 

		Company

		Views



		Samsung

		We don’t see any relation between separate configuration for MBSFN/non-MBSFN subframes and signaling design for supporting different number of sPDCCH candidates per aggregation level.



		LG Electronics

		It seems that we don’t need to have different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index in MBSFN subframe. As in our answer for Question 2, if DMRS-based sPDCCH RB set(s) is(are) configured for non-MBSFN subframe, MBSFN subframe can inherit the corresponding RB set(s) with the configuration for sTTIs with no CRS.



		Motorola Mobility, Lenovo

		Please refer to our answer to Q2. 



		Qualcomm

		Although it is decided that the number of candidates per AL can be configured by eNB for flexibility, this flexibility should not come at the cost of significantly increasing the UE’s complexity. In particular, a flexibible assignment of the number of candidates per AL is feasible within the limits defined for the maximum RB set size. The issue of not limiting the RB set size and its impact on the UE’s complexity was raised in sPDCCH design email discussion [90-06], but since no answer was received from the proponents of defining no limit for the RB set size, and since the issue is also related to the search space design, we would like to highlight the challenge here as well. 

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. Further, if RAN1 decides to only allow an sPDSCH to rate-match around the RB sets (with no further reuse), a large number of resources can be wasted by not limiting the size of an RB set.

[bookmark: _GoBack]We also would like to note that the maximum RB set size is already defined for EPDCCH. To keep the UE’s complexity at a reasonable level, the maximum RB set size should also be defined for the sPDCCH RB set.







Question 6:are there any other considerations you would like to share on sPDCCH candidate configuration for different sTTIs?

		Company

		Views



		

		



		

		



		

		



		

		







sPDCCH search space structure

In the RAN1#90 meeting, sPDCCH search space structure was discussed but no consensus was achieved. For progress, a list of questions are designed in this section based on the discussion in RAN1#90 meeting, which may try to achieve consensus on the majority view. More details could be found in the summary of email discussion [89-05] on search space for sTTI operation performed post RAN1#89 meeting [2].  

Question 1:is the starting sCCE index of an sPDCCH seach space at aggregation level  (i.e. the starting sCCE index of the first sPDCCH candidate at aggregation level ) configured by higher layer signaling? Please provide the reason(s) for your answer and if your answer is no please provide your detailed proposal.

		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes. This will enable the eNB to operate with different overlapping or non-overlapping candidates based on configuration, enabling eNB to minimize sPDCCH blocking given the size of the sPDCCH.



		ZTE, Sanechips

		Yes. Configured by RRC can make a balance between the reduction of blocking probability and an efficient multiplexing of sPDCCH and sPDSCH.



		Huawei, HiSilicon

		Yes. Flexibility could be achieved. For example, same starting sCCE index could be configured for all aggregation levels if the motivation is to reuse the channel estimation results among different sPDCCH candidates for DMRS based sPDCCH. And different starting sCCE index could be configured for achieving non-overlapping among different search space at different aggregation level to reduce blocking probability.





		Ericsson

		Yes, this reduces the sPDCCH blocking probability between UEs sharing the same sPDCCH RB set.



		Samsung

		Yes for the eNB flexibility.



		LG Electronics

		Yes. It would enable the flexible scheduling for sPDCCH search space. However, further discussion is needed for how to configure the starting sCCE index. In the legacy hashing function, there is a factor related to the inter-subframe randomization. sPDCCH search space also needs the option such as inter-sTTI randomization. 



		Motorola Mobility, Lenovo

		Hashing function determines the starting sCCE index of an sPDCCH search space at aggregation level L, sTTI index s, and PRB-set p, subframe k, similar to EPDCCH to reduce blocking probability due to potentially non-overlapping search spaces for different aggregation levels. This is especially important as there are fewer sPDCCH candidates per aggregation level per sTTI compared to PDCCH/EPDCCH.



		KT

		Yes. By configuration of the staring CCE index, eNB can easily mange the blocking probability between sPDCCHs.



		Qualcomm

		No, we prefer to always have a nested structure such that the RB set size can be kept at a reasonable level. Further, the nested structure allows for reusing the LLR calculation and channel estimation across candidates of different ALs. Although eNB flexibility is important, enabling such a flexibility without considering the UE’s complexity is not reasonable.







Question 2:do you support sPDCCH candidates belonging to an sPDCCH search space at aggregation level L are mapped consecutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p? Please provide the reason(s) for your answer.

		Company

		Views



		Nokia, Nokia Shanghai Bell 

		In principle yes, but the remaining question is how to implement distributed mapping in case of DMRS-based sPDCCH (if interleaving is defined on sCCE level). 



		ZTE, Sanechips

		Yes



		Huawei, HiSilicon

		Yes. It seems there is no strong motivation to enable non-contiguous CCEs among different sPDCCH candidates at a given aggregation level for sTTI in logical domain. As to how to implement distributed mapping in case of interleaving is defined on sCCE level, the interleaving scheme could try to achieve it.    



		Ericsson

		No. Specifically for DMRS based sPDCCH with localized configuration, the sPDCCH candidates of a given AL should be spread over as many RB as possible within the sPDCCH RB set. This, in order to make frequency selective scheduling possible. The idea with DMRS based transmission is to confine the transmission on a few consecutive RBs that have good channel properties. It is necessary to have sPDCCH candidates that are located in different parts of the bandwidth/the RB set so that the eNB can pick the sPDCCH candidate that benefits from favorable channel conditions! This cannot be achieved with consecutive sPDCCH candidates as shown in our answer to Q4.





		Yes

		Yes. We already have both distributed/localized mapping for sPDCCH. So we don’t see strong advantage to have non-contiguous mapping. 



		LG Electornics

		Yes. It seems that there is no reason to adopt non-contiguous sPDCCH candidates because we already have an option for distributed mapping in physical domain.



		Motorola Mobility, Lenovo

		Yes



		KT

		Yes. We think that the benefit of non-contiguous mapping is diversity gain. However, distrusted mapping of sPDCCH could supply sufficient such gain. So we don’t need the strong reson for adopting non-contiguous mapping.



		Qualcomm

		Yes.















Question 3:do you support an sPDCCH candidateconsisting of consecutive sCCEs only starts on an sCCE fulfilling, whereis the sCCE number within an sPDCCH RB set andis the number of sCCEs corresponding to aggregation level L? Please provide the reason(s) for your answer.

		Company

		Views



		Nokia, Nokia Shanghai Bell

		No. As already noted earlier we don’t see a need for this restriction and we think that sCCE granularity for all ALs should be sufficient which could moreover enable rather compact packing of non-overlapping candidates. 



		ZTE, Sanechips

		No. The start could be in sCCE granularity which is a more flexible way.  



		Huawei, HiSilicon

		Yes. With this it 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. For example, with this the  transmission of one sPDCCH candidate from UE1 will only block one sPDCCH candidate with the same aggregation level from UE2. However, if the tree-based structure is not supported, it is possible that 2 sPDCCH candidates with the same aggregation level from UE2 will be blocked as shown in the following figure.

     UE1	UE1







     UE2 		UE2



		Ericsson

		

We would be fine with this restriction. It can indeed further reduce the blocking probability between candidates of different UEs. Based on PDCCH or EPDCCH formula, if is an integer value, this condition is already implicit there.



		Samsung

		Yes. It will help blocking probability reduced.



		LG Electronics

		Yes. As in the legacy PDCCH, such a restriction can be considered for lowering the impact of blocking.



		Motorola Mobility, Lenovo

		Yes, can lower the blocking probability.



		KT

		Yes. It would be helpful for reducing blocking probability.



		Qualcomm

		Yes, for the same reason as explained by Huawei, it is important to consider this structure. Also, with addition of some more details, the nested structure can be achieved.





Question 4:which option is supported for determining the sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level ? Please provide the reason(s) for your choice.

· Option 1(PDCCH-like): The sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation levelare given by











where  is configured 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 (EPDCCH-like): The sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation levelare given by











where  is configured 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 3: None of the above (please provide your detailed proposal if you choose this option)



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Option 1 (i.e. PDCCH like)



		ZTE, Sanechips

		

Option 3. As answered in Q3.3, there is no need to limit the starting sCCE to fulfill. Therefore, we prefer a slight modification based on Option 1 as, 







		Huawei, HiSilicon

		Option 1. It seems there is no strong motivation to enable non-contiguous CCEs among different sPDCCH candidates at a given aggregation level for sTTI. 

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, if contiguous CCEs is applied among different sPDCCH candidates at a given aggregation level for sTTI, via setting the starting sCCE index (as discussed in Q1), it is easier to configure nested search spaces which is better for reusing the channel estimation results among different aggregation levels for DMRS based sPDCCH. 





		Ericsson

		Option 2. 

As described in Q2, specially for DMRS based sPDCCH with localized configuration, the sPDCCH candidates of a given AL should be spread over as many RB as possible within the sPDCCH RB set. This, in order to make frequency selective scheduling possible. This is not possible with Option 1, i.e. PDCCH-like, where the candidates at the same AL are configured consecutively. 

As an example, it is shown below a 2os DMRS-based sPDCCH RB set with 8 sCCE size, localized configuration and supporting up to AL4. To make this configuration frequency selective scheduling possible, it includes to different frequency ranges: First group of sCCEs {0, 1, 2, 3} are built with physical PRBs located at the beginning of the available bandwidth, i.e. PRBs from 0-7. The second group of sCCEs {4, 5, 6, 7} are built with physical PRBs located at the end of the available bandwidth, i.e. PRBs 43-50. As observed, based on EPDCCH formula, it is possible to configure the UE at least one candidate in the first frequency range and at least one in the second frequency range at AL1 and AL2. On the other hand, based on PDCCH formula, for the same UE all the candidates are allocated only within the first frequency range.

[image: ]





Besides, Option 2 implicitly provides a lower sPDCCH blocking probability. As shown below, there is an example of configuring in a simple way different starting sCCE indexes  for two UEs sharing the same sPDCCH RB set (the same value is used for all configured ALs). As observed, the candidates can be spread along the RB set at the configured ALs based on EPDCCH-like formula. This allows to configure the candidates at the same AL of both UEs in a non-overlapping way and they are further spread along the RB set, i.e. making frequency selective scheduling possible. For instance, if candidate F (AL4) is used for the sPDCCH transmission of UE0, the eNB can still transmit the sPDCCH for UE1 on either candidate F (AL4), E (AL2) or C (AL1).

[image: ]





		Samsung

		Option 1 like PDCCH.



		LG Electronics

		Option 1. As in our answer for Question 2, it seems that there is no reason to adopt non-contiguous sPDCCH candidates because we have an option for distributed mapping in physical domain. However, higher layer configuration of  itself seems not proper because of the reason mentioned in our answer for Question 1. We need to consider the inter-sTTI randomization.



		Motorola Mobility, Lenovo

		Option 1



		KT

		Option 1.



		Qualcomm

		Option 3. We prefer to have a nested structure such that the channel estimation and LLR computations can be reused for candidates of different ALs.







Question 5:are there any other considerations you would like to share on sPDCCH search space?

		Company

		Views



		

		



		

		



		

		



		

		







are there any other considerations you would like to share on sPDCCHsearch space design for sTTI operation?

		Company

		Views



		

		



		

		



		

		



		

		







Conclusion

TBA.
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