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1.Introduction
The objective of this email discussion was to collect the views of companies on different aspects of sPDCCH multiplexing with sPDSCH for sTTI. Companies were encouraged to respond to the questions listed in Sections 2-4 by June 22nd, 2017.
[bookmark: _GoBack]In this contribution, we summarize the discussions. The input by the different companies is attached to this TDoc [1].
2. Multiplexing of sPDCCH and sPDSCH in 1-slot sTTI
It has been agreed that sPDCCH is configured as set of RBs similarly to EPDCCH. This implies that sPDCCH and sPDSCH can be FDMedin 1-slot short TTI. In addition, it has been agreed that CRS-based sPDCCH can be 1, 2 or 3(FFS)-OS long and DMRS-based sPDCCH is 2OS long. In this section, we would like to collect opinions on possibility of TDM between data and control in 1-slot sTTI. 

2.1 Questions from email discussion and related observations on 1-slot sTTI
Q1: Do you agree that TDM between sPDCCH and sPDSCH is beneficial for 1-slot sTTI, because at least the remaining resource in sPRB configured for RB-set can be used for data transmission without additional dynamic signaling. 
13 companies provided their input on this question. All companies indicated the need to support also TDM between sPDCCH and sPDSCH for 1-slot sTTI operation in principle. There have been different opinions if and how unused sPDCCH resources (of configured sPDCCH RB-sets) can be reused for sPDSCH transmission. The re-use aspect is further discussed in Q20.
Based on the given input, the following related observation is made:
Observation Q1: There seems to be consensus that TDM (in addition to FDM) of sPDCCH and sPDSCH for 1-slot sTTI is beneficial. sPDCCH RE reuse for sPDSCH is FFS.

Q2: Can CRS-based sPDCCH and CRS-based sPDSCH be TDMed in the same sPRB of 1-slot sTTI? (YES/NO)
If your answer is NO, please justify. 
13 companies provided their input on this question and all companies indicated to support also TDM between CRS-based sPDCCH and CRS-based sPDSCH for 1-slot sTTI operation (in addition to FDM multiplexing). 
Based on the given input, the following is noted:
Observation Q2: There seems to be common agreement to support TDM (in addition to FDM) of CRS-based sPDCCH and CRS-based sPDSCH for 1-slot sTTI. sPDCCH RE reuse for sPDSCH is FFS.

Q3: Can DMRS-based sPDCCH and DMRS-based sPDSCH be TDMedin the same sPRB of 1-slot sTTI?(YES/NO) 
13 companies provided their input on this question and all companies indicated to support also TDM between DMRS-based sPDCCH and DMRS-based sPDSCH for 1-slot sTTI operation (in addition to FDM multiplexing). Companies provided their input on how to manage the DMRS for sPDCCH and sPDSCH. There seems to be common agreement that the DMRS for sPDCCH are located in symbols #7,8 within the sPDCCH of the second slot, and if sPDCCH in the first slot is supported for CFI=1, then DMRS are located in symbols #1,2. There are rather diverse views on time-domain position and usage of DMRS for sPDSCH. 
Based on the given input, the following is noted:
Observation Q3: There seems to be common agreement to support TDM (in addition to FDM) of DMRS-based sPDCCH and DMRS-based sPDSCH for 1-slot sTTI. There seems to be common agreement on placement of sPDCCH DM-RS. The sPDSCH DMRS placement and usage is FFS.

Q4: Can DMRS-based sPDCCH and CRS-based sPDSCH be TDMed in the same sPRB of 1-slot sTTI? (YES/NO) 
If your answer is YES, please explain where the sPDCCH DMRS is placed.    
If your answer is NO, please explain why such multiplexing is not feasible.
13 companies provided their input on this question. 10 out of 13 companies indicated to support this combination. 3 companies indicated that they see no (or very limited) motivation to support this operation mode – but no technical show-stoppers have been identified either.
There seems to be common agreement that the DMRS for sPDCCH are located in symbols #7,8 within the sPDCCH of the second slot, and if sPDCCH in the first slot is supported for CFI=1, then DMRS are located in symbols #1,2. 
Based on the given input, the following is noted:
Observation Q4: There seems to be majority view to support the TDM (in addition to FDM) of DMRS-based sPDCCH and CRS-based sPDSCH for 1-slot sTTI. There seems to be common agreement on placement of sPDCCH DM-RS in time.

Q5: Can CRS-based sPDCCH and DMRS-based sPDSCH be TDMed in the same sPRB of 1-slot sTTI? 
If your answer is YES, please explain where the sPDSCH DMRS is placed.    
If your answer is NO, please explain why such multiplexing is not feasible.
13 companies provided their input on this question and all companies indicated to support TDM of CRS-based sPDCCH and DMRS-based sPDSCH for 1-slot TTI (in addition to FDM). Some companies pointed out, that scheduled (DM-RS and/or CRS-based) sPDSCH in slot#0 should be done through legacy PDCCH (independently of the PDCCH length). 
Different input has been given on the placement for DM-RS for sPDSCH here, which we discuss in the section summary below.
Based on the given input, the following is noted:
Observation Q5: There seems to be common agreement to support TDM (in addition to FDM) of DMRS-based sPDCCH and CRS-based sPDSCH for 1-slot sTTI.

Q6: Do you have any other concerns related to sPDCCH and sPDSCH multiplexing in 1-slot sTTI?
No input has been provided on this question.

2.2 Summary and related proposals on 1-slot sTTI

Based on the answers to Q1-6, the following can be concluded based on the observations above (related proposals are made):
· Proposal 2-1: For 1-slot sTTI containing sPDCCH, the TDM of sPDCCH and sPDSCH in a single sPRB (in addition to FDM of different sPRBs) is supported for the following cases: 
· CRS-based sPDCCH and CRS-based sPDSCH
· CRS-based sPDCCH and DMRS-based sPDSCH
· DMRS-based sPDCCH and CRS-based sPDSCH
· DMRS-based sPDCCH and DMRS-based sPDSCH

Despite the fact that we were not directly asking about the support of scheduling for different DMRS/CRS based combinations of sPDCCH/sPDSCH, we think that the following could be the common agreement:
· Proposal 2-2: For 1-slot sTTI containing sPDCCH, the following scheduling cases are supported
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

Based on the other input in terms of sPDCCH presence in slot#0 as well as the DMRS usage and structure for sPDCCH and sPDSCH for 1-slot sTTI, the following proposals are noted as possible way forward:
· Proposal 2-3: For 1-slot sTTI, at least orthogonal DMRS between sPDCCH and sPDSCHare supported. DMRS sharing between sPDCCH and sPDSCH is FFS.

· Proposal 2-4: RAN1 to decide between Alt. 1 - Alt. 3:
· Alt. 1: DL control in sTTI#0 for 1-slot sTTI is carried in legacy PDCCH region independently of the CFI length, i.e. no sPDCCH support in slot#0
· Alt. 2: DL control is sTTI#0 for 1-slot sTTI is carried in legacy PDCCH region (for CFI=1) or sPDCCH (for CFI=2,3)
· Alt. 3: Based on eNB configuration, sPDCCH or PDCCH scheduling is applied in sTTI#0 for CFI=1. sPDCCH is used scheduling in sTTI#0 for CFI=2,3.

· Proposal 2-5: If sPDCCH is supported for the case of CFI=1 in the 1-slot sTTI#0, the sPDCCH DMRS in slot#0 are placed in symbols #1,2 

· Proposal 2-6: In the 1-slot sTTI#1 of a DL subframe, the sPDCCH DMRS are placed in symbols #7,8 

· Proposal 2-7: In the 1-slot sTTI#0, for the case of orthogonal DMRS between sPDCCH and sPDSCH, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:
· 3-4 
· 5-6 (legacy DMRS position) 
· 2-3 if CFI=2 and 3-4 if CFI=1,3 (2OS-sTTI#1) 

· Proposal 2-8: In the 1-slot sTTI#1, for the case of orthogonal DMRS between sPDCCH and sPDSCH, at least one pair of sPDSCH DMRS is supported and can be placed in symbols
· 9-10 (2OS-sTTI#4)
· 10-11
· 12-13 (legacy DMRS position)

3. Multiplexing of sPDCCH and sPDSCH in 2/3-OS sTTI 
It has been agreed that sPDCCH is configured as set of RBs similarly to EPDCCH. This implies that sPDCCH and sPDSCH can be FDMed in 2/3-OS short TTI. In addition, it has been agreed that CRS-based sPDCCH can be 1 or 2-OS long and DMRS-based sPDCCH is 2-OS long (or FFS until the end of sTTI). In this section, we would like to collect companies opinions on the possibility of TDM between sPDSCH and sPDCCH in 2/3-OS sTTI.

3.1 Questions from email discussion and related observations on 2/3-OS sTTI
CRS-based control related issues
Q7: Can CRS-based sPDCCH and CRS-based sPDSCH beTDMed in 2/3-OS sTTI (when DL control does not span all the symbols of sTTI)? (YES/NO)
If your answer is NO, please explain why TDM is not feasible. 
13 companies provided their input on this question. All companies indicated the intend to support TDM (in addition to FDM) between CRS-based sPDCCH and CRS-based sPDSCH for 2OS sTTI operation in principle. 
Based on the given input, the following related observation is made:
Observation Q7: There seems to be common agreement to support TDM (in addition to FDM) of CRS-based sPDCCH and CRS-based sPDSCH for 2OS sTTI.

Q8: Do you support the case where CRS-based sPDCCH schedules DMRS-based sPDSCH in the same sTTI for 2/3-OS sTTI? (YES/NO)
If your answer is NO, please explain why such scheduling combination is not to be supported.
13 companies provided their input on this question. All 13 companies indicated the intend to support this scheduling combination. 
Two companies indicated some possible needed restrictions for TDM of CRS-based sPDSCH and DMRS-based sPDSCH (which we refer here to Q9 below).
Based on the given input, the following related observation is made:
Observation Q8: There seems to be common agreement to support CRS-based sPDCCH scheduling DMRS-based sPDSCH for 2/3OS sTTI. 

Q9: If your answer is YES to Q8, can CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 2/3OS sTTI(when DL control does not span all the symbols of sTTI)? (YES/NO)
If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 
If your answer is NO, please explain why. 
12 companies provided their input on this question. 7 companies would like to support a TDM between CRS-based sPDCCH and DMRS-based sPDSCH without any restriction. 2 companies would allow the TDM only in 3-OS long sTTI and when sPDCCH is 1-OS long, 3 companies do not want to support the TDM.
The main motivation of companies supporting the TDM is to efficiently use the orphan symbols for data transmission when the CRS-based sPDCCH is not spanning the full 2/3OS-sTTI. The main argument of the companies not supporting the TDM is the need for sPDCCH rate-matching around the sPDSCH DMRS, resulting into less efficient control delivery. One company proposes that puncturing sPDSCH DMRS to sPDCCH could be considered.
Observation Q9: Seems that the majority of companies supports TDM between CRS-based sPDCCH and DMRS-based sPDSCH. We recommend to discuss this aspect further in RAN1#90.



DMRS-based control related issues:

Q10: Do you support the case where DMRS-based sPDCCH schedules CRS-based sPDSCH in the same sTTI for 2/3-OS sTTI? (YES/NO)
13 companies provided their input on this question. 8 companies indicated the intend to support this scheduling combination, whereas 5 companies see no strong need to support such scheduling combination. 
Some of the supporting companies mention a needed restriction of then only supporting FDM between DMRS-based sPDCCH and CRS-based sPDSCH. 
Based on the given input, the following related observation is made:
Observation Q10: There seems to be majority view to support DMRS-based sPDCCH scheduling CRS-based sPDSCH for 2/3OS sTTI if only FDM multiplexing is enabled.


Q11: DMRS-based sPDCCH for 2/3-OS sTTI is 
Option 1:2-OS long 
Option 2: Until the end of sTTI. 
13 companies provided their input on this question. 5 companies prefer Option 1 whereas 8 companies are in favor of supporting Option 2.
Based on the given input, the following related observation is made:
Observation Q11: There seems to be majority view to set the length of DMRS-based sPDCCH for 2/3OS sTTI equal to the sTTI length (i.e. until the end of 2/3OS sTTI).

Q12: If your answer is Option 1 in Q11, can the DMRS-based sPDCCH and DMRS-based sPDSCH be TDMedin 3-OS long sTTI?(YES/NO)
If your answer is YES, then which of the following options is preferred?
Option 1: The DMRS for sPDCCH and sPDSCH in sPRB are shared.
Option 2: Other multiplexing of sPDCCH DMRS and sPDSCH DMRS in a single sPRB. Please, provide details.
If your answer is NO, please explain whether and how to utilize the orphan symbol. 
Based on the majority view of supporting sTTI long DMRS-based sPDCCH in Q11 (i.e. Option 1 of Q11), only 7 companies provided input here. One company favouring only FDM (i.e. no reuse of the orphan symbol) whereas 6 companies discuss sPDCCH DMRS sharing as well as assigning different DMRS antenna ports for sPDCCH and sPDSCH.
Further discussion will be needed during RAN1#90, in case 2OS long DMRS-based sPDCCH is to be supported.

Q13: If your answer is Option 1 in Q11 and YES in Q10, can DMRS-based sPDCCH be TDMed with CRS-based sPDSCH in 3OS long sTTI?
If your answer is NO, please explain what are the major issues preventing such multiplexing.
Based on the majority view of supporting sTTI long DMRS-based sPDCCH in Q11 (i.e. Option 1 of Q11), only 7 companies provided input here. 5 companies indicated to support the TDM whereas two companies do not see a strong motivation of scheduling CRS based sPDSCH from DMRS-based sPDCCH (also related to Q10 above). However, the TDM is found feasible.
Based on the given input, the following related observation is made:
Observation Q13: There seems to be majority view to support TDM between DMRS-based sPDSCH and CRS-based sPDSCH in case 2OS DMRS-based sPDSCH is supported in 3OS long sTTI.


Overall
Q14: Do you have any other concerns related to sPDCCH and sPDSCH multiplexing in 2/3-OS sTTI?
No input has been provided on this question.

3.2 Summary and related proposals on 2/3OS sTTI
Based on the summary and the observations above, the following proposals are brought forward:
· Proposal 3-1: For 2/3-OS sTTI containing sPDCCH, the following scheduling cases are supported:
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

· Proposal 3-2: For 2/3-OS sTTI containing sPDCCH, the TDM of CRS-based sPDCCH and CRS-based sPDSCH in a single sPRB is supported.
· TDM of CRS-based sPDCCH and DMRS-based sPDSCH is FFS

· Proposal 3-3: The length of DMRS-based sPDCCH for 2/3OS sTTI is equal to the sTTI length (i.e. until the end of 2/3OS sTTI).
If Proposal 3-3 is agreed, no more discussion on the TDM of DMRS-based sPDCCH with sPDSCH is needed. Otherwise, it is suggested the following proposal to be adopted
· Proposal 3-4: For 2/3-OS sTTI containing sPDCCH, the TDM of DMRS-based sPDCCH and CRS-based sPDSCH in a single sPRB is supported.
· TDM of DMRS-based sPDCCH and DMRS-based sPDSCH is FFS


4. Reuse of unused control resource for data
Study item on Reduced TTI and processing time in [1] made the following conclusion: “From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH”. This conclusion of study item did not differentiate between 2/3-OS sTTI and 1-slot sTTI.

4.1 Questions from email discussion and related observations on sPDCCH reuse
Q15: Should a reuse mechanism for unused sPDCCH resources be specified only for 2/3-OS sTTI, 1-slot sTTI or both.
If your answer is both, would the mechanism be the same or different.
13 companies provided their input on this question. 
12 companies indicate the support for a reuse mechanism for 2/3OS sTTI as well as 1-slot TTI, from which 10 companies prefer the same mechanism, one company prefers the mechanism to be optimized independently and one company providing no input if the same or a different mechanism should be used. 
One company highlights the issue that the reuse is mainly needed for 2/3OS sTTI, but could be fine with the reuse also for 1-slot sTTI in case the same reuse mechanism is to be applied. Five companies observe that the reuse is less beneficial for 1-slot sTTI compared to 2/3OS sTTI. 
Based on the given input, the following related observation is made:
Observation Q15: There seems to be majority view to support a common reuse mechanism for unused sPDCCH resources for 2/3-OS sTTI and 1-slot sTTI.

[bookmark: _Hlk488837023]Q16: Should a UE assume that its sPDSCH is rate-matched around the DCI scheduling the sPDSCH? (YES/NO)
13 companies provided their input on this question. 12 companies agree that a UE’s sPDSCH can be rate-matched at least around the DCI that scheduled the sPDSCH. One company, rises a technical issue of ambiguity of AL blind detection, which may happen when two candidates of different ALs are aligned in a starting sCCE.  
Observation 16: There seems to be majority view that sPDSCH can be rate-matched at least around the DCI that scheduled the sPDSCH.

Q17: Can a sPDCCH RB-set(s) containing the sPDSCH assignment of one UE also contain DCIs of other UEs (i.e. DCI multi-user multiplexing in a RB-set(s))? Examples may include:
A: UL grants for the same UE
B: UL grants for other UEs
C: DL assignments of other UEs that are frequency division multiplexed with the UE in the same sTTI. 
D: DL assignments of other UEs that are spatially multiplexed with the UE in the same sTTI. 
If your answer is NO for any of the above cases A-D, please explain how aeNB would configure RB-setsto multiple-UEs or the related scheduling restrictions needed to prevent the case. 
13 companies provided their input on this question. 12 companies indicate their support for at least cases A-C, whereas one company does not support such sDCI multiplexing. 
Related to Case D, there seemed to be some miss-interpretation between spatially multiplexing of sPDSCH or DCI between different users as raised by two companies here. The intention was not to support MU-MIMO for sPDCCH, but using separate resources for DCIs instead. 
Based on the given input and including this clarification, the following related observation is made:
Observation Q17: There seems to be majority view to support the multiplexing (on non-overlapping REs) of other UEs DCIs on a sPDCCH RB-set containing the sPDSCH assignment of another UE.

Q18: The RB-set configuration is UE-specific. Can a UE be made aware of sPDCCH RB-set(s)configured to other UEs within sTTI? And do you see any possible benefits from doing so?
13 companies provided their input on this question. 9 out of 13 companies indicated that there is no need to indicate other users sPDCCH RB-sets to other UEs. 4 companies indicated their support in order to enable sPDCCH RB-set reuse signaling with the details on the signaling discussed in Q19 below. 
The technical reasons for not supporting the configuration of additional “dummy” sPDCCH RB sets (sets not containing UE’s search space) is 
•	need for frequent reconfiguration of RB-sets
•	change of the DCI size.
The technical reasons for supporting the dummy sPDCCH RB sets are
•	“dummy” RB-sets gives eNB a possibility to make a UE aware of other UEs control resource in sTTI, in case the RB-sets of different UEs are fully or partially non-overlapping. 
•	benefits in co-existence of 2OS and 1-slot sTTI sPDCCHs.
Based on the given input, the following related observation is made:
Observation Q18: There seems to be majority view to not making a UE aware of sPDCCH RB-set(s)configured to other UEs within sTTI.

Q19: If your answer is YES in Q18, please describe how do you make a UE aware of sPDCCH RB-set(s) configured to the other UE(s).
Only the 4 supporting companies to Q18 provided input here. The inputs have in common, that using a sPDCCH set configuration of not containing any sPDCCH candidates could be applied here. 

Q20: Irrespective of a UE being aware of only own configured RB-set(s) (containing its search space) or also other UEs RB-sets, what units do you consider for reuse of unused control resource for data?
A: physical control resources (such as OS and/or RB, etc.) 
B: logical resources (such as sREG, sCCE and /or sPDCCH candidate, etc.). 
Please explain your preferred sPDCCH resource reuse mechanism including potential dynamic reuse indication. 
13 companies provided their input on this question. 9 companies prefer Option B whereas 4 companies prefer Option A. 
There seem to be a rather diverse view on how the signaling is to be done, which however depends on the pending decision of email discussion [89-5], for example starting position of a UEs search-spaces, separate/the same search-space for UL grant a DL assignments. 
Based on the given input and including this clarification, the following related observation is made:
Observation Q20: There seems to be majority view to support sPDCCH reuse indication of logical resources (such as sREG, sCCE, sPDCCH candidate, etc.). Details will be depending on the sPDCCH USS definition (to be discussed during RAN1#90). 

4.2 Summary and related proposals on sPDCCH reuse
Based on the summary and the observations above, the following proposals are brought forward:
· Proposal 4-1: Support a common reuse mechanism for unused sPDCCH resources for 2/3-OS sTTI and 1-slot sTTI
· The sPDCCH reuse indication is based on logical resources (such as sREG, sCCE, sPDCCH candidate, etc.). Details are FFS.

· Proposal 4-2: Within a sPDCCH RB-set containing the sPDSCH assignment of a UE, support the multiplexing (on non-overlapping REs) of any UEs DCIs.

· Proposal 4-3: Specific additional configuration signalling of sPDCCH RB-sets of other UEs is not supported.
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