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1	Introduction
There has been plenty of progress on DL control design aspects at RAN1#90, RAN1#90bis and the email discussions on SPDCCH design & search space [1], Scheduling and sDCI details [2] and DL control channel reuse for sPDSCH in [3].
In this contribution, we provide our input on the open issues (which has been mostly provided already as input on the email discussions [1,2,3]). In section 2 we discuss sPDCCH design, followed by search space design in Sec. 3 part of the email discussion in [1]. The remaining scheduling and sDCI details of email discussion [2] are discussed in section 4. Our input on DL control reuse for sPDSCH related to email discussion [3] can be found in section 5.  
2	 Remaining details of sPDCCH design
In this section, we discuss the remaining details of sPDCCH design, which had also been part of the email discussion [1] in Sec. 3.1. 
2.1 Number of sPDCCH RB sets
RAN1 earlier agreed to support up to 2 sets for monitoring within an sTTI and at RAN1#90bis, we moreover agreed: 
Agreement: 
An RB set can be configured to apply to MBSFN, non-MBSFN subframes, or all subframes.
Therefore, it should be possible to configure up to 4 RB sets, where at maximum two of them are applicable to MBSFN and two of them are applicable to non-MBSFN subframes. We do not see any needed restrictions on the resource allocation, sPDCCH type (CRS versus DM-RS, localized vs distributed), search space (i.e. AL candidates, configurable starting points) of the individual sets and therefore, propose an extended version of the proposed agreement 1 of [1] (Nokia extensions shown in red color):
Proposal 2.1: 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. Each RB set is configured independently, i.e. there is no relation between the RB sets in terms of resource allocation, sPDCCH type, RS type and sPDCCH candidates (& starting points) of the individual RB sets. 

2.2 sPDCCH RB set resource allocation granularity
On the configuration granularity for sPDCCH, as indicated already in the email discussion we have the preference to agree the proposed agreements 5, 6 of [1]:


Proposal 2.2: 
· The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.
· The number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2.

We have some sympathy for the intention of the additional proposal 6.1 of [1] to align the configured RB-pairs with sPRG grid, but think we need to check the effect of orphan RB there still (e.g. in case of an uneven number of PRBs, such as 5MHz/25PRBs). 

2.3 AL ambiguity for localized CRS-based sPDCCH
In the email discussion [1], all the companies suggested a type of sREG level (but not RE level) interleaving to solve the issue of the AL ambiguity. There exist two types of ways to do this (1) AL dependent interleaving within an sCCE (i.e. 4 sREGs) or (2) AL dependent interleaving of the sREGs over the full sPDCCH candidate (i.e. interleaving within 4*L sREGs). 
We think that keeping the interleaving within a single sCCE will simplify things and therefore suggest interleaving within the sCCE only. The simplest way to perform this would be by just a cyclic shift to support AL1 to AL8, such as {0,1,2,3}, {1,2,3,0}, {2,3,0,1} and {3,0,1,2} for AL1, 2, 4 and 8 respectively. 
Proposal 2.3: Support AL dependent sREG interleaving, by means of AL-dependent cyclic shift, within each sCCE of a sPDCCH candidate. The same cyclic shift applies to every CCE of a PDCCH candidate (in contrast to sREG interleaving within the whole sPDCCH candidate). 

2.4 Orphan RE handling for CRS-based sPDCCH
As indicated in our reply to the email discussion [1], we think the orphan REs (if the number of REs within an sREG is not a multiple of 2) should be used for sDCI transmission by repeating one RE of the latest mapped 2-symbol/RE SFBC block according to Option 2 of proposal 8 of [1]. This will not mandate the UE to use the additional redundancy information in its decoding, but will improve the decoding reliability for those UEs using the additional redundancy in its sUSS blind decoding. 
Proposal 2.4: For CRS-based sPDCCH transmission using SFBC, handle SFBC ‘orphan’ REs by repeating an RE of each sREG. The last RE of the sREG is to be repeated. 

2.5 Scrambling sequence initialization for sPDCCH
As noted in our input to the email discussions, we think overall that the scrambling initialization per sTTI or per SF is to be jointly considered (and agreed) for sPDCCH, DM-RS (for sPDSCH & sPDCCH) as well as slot or subslot sPDSCH. 
Moreover, we don’t see a strong motivation for having the initialization per sTTI as SF dependent change will already provide sufficient intra-cell randomization from our point of view. 
Observation 1: We do not see a need for the scrambling sequence initialization per sTTI. Moreover, we think the issue of sPDCCH sequence initialization should be jointly considered together with sTTI DM-RS and sPDSCH scrambling initialization. 

3	Search space details for sTTI operation
In this section, we handle the open identified issues of search space operation, based on Sec. 3.2 of the email discussion [1]. 
3.1 Limitations on number of sCCEs for sDCI monitoring
At RAN1#90bis, we agreed the following: 
	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




First, we would like to note that the restriction intended above should only be for the monitoring within an sTTI and not overall (e.g. should not consider the sCCEs configured for non-MBSFN and MBSFN subframes), and therefore propose a correction/amendment to the agreement above (additions in red):
Proposal 3.1: Correct the RAN1#90bis agreement as (addition in red):
No maximum size needs to be specified for an sPDCCH RB set.
The overall search space (over all ALs and RB sets) in an sTTI configured to a UE is limited up to 16 sCCEs for 2/3os.
- FFS for 7os
As already indicated (and according to majority view), we propose to put no further limitations for sDCI monitoring for slot TTI (on sPDCCH and PDCCH) as there should be sufficient time for the monitoring for slot-level TTI, which can be noted as: 
Proposal 3.2: The overall search space in a slot-level sTTI in the number of sCCEs for sDCI monitoring (on sPDCCH/PDCCH) is not limited. 
As already explained in the email discussion [1], on PDCCH the number of CCEs for monitoring for a given number of PDCCH candidates is varying from subframe to subframe within a radio frame due to the change in Yk. Therefore, putting any restriction on the number of CCEs for monitoring will result in a related restriction on the AL candidates and the eNB will need to take the first case situation into account when configuring the sDCI candidates on PDCCH. The worst-case situation in number of CCEs is given by , meaning e.g. for 16 CCEs at maximum two AL8 candidates could be supported (but no additional candidates for AL1, AL2 or AL4). We clearly see this as being too restrictive here.  
Moreover, sTTI#0 is the only sTTI where real time-domain multiplexing of DL control and sPDSCH data is present (in case of 1-symbol PDCCH, number of CCEs anyhow limited to a maximum of 21 for 100PRBs) which should reduce the processing time issue for the UE compared to other sTTIs which can have RB-set 2 or 3 OS long. In case of 2 or 3-symbol PDCCH, the HARQ-Ack processing timeline is not really affected, and we think that the subslot sPUSCH scheduling should be possible (with 1-3OS long PDCCH) even though the number of CCEs on PDCCH would not be limited. 
We therefore propose: 
Proposal 3.3: The overall search space in the number of PDCCH CCEs for subslot sDCI monitoring is not limited. 

3.2 Remaining details on hashing functions & starting index
We prefer the EPDCCH type of hashing function with an explicitly configured starting index for each set and AL, i.e. Option 2 of Proposal 12 and Proposal 13 of [1], which can be written as: 
Proposal 3.4: For CRS-based sPDCCH and localized DMRS-based sPDCCH, the logical sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation level  are 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. 

The reason for us to support a higher layer configured starting index is coming from the same fact as discussed for search space limitation on PDCCH: if we enable some change from sTTI to sTTI in terms of starting index using the Yk change as for legacy PDCCH, again the sCCE overlap between the ALs would be varying which will make it hard for the eNB to structure the search space for a single UE (as well as to facilitate compact packing of different UEs sUSS on sPDCCH). 

Proposal 3.5: is configured by higher layer signaling. 

4	On remaining scheduling sDCI1 details 
This section is related to the open issues of the email discussion [2] focusing on sDCI1 content as well as some other discussed scheduling enhancements. 
We would like to note here that several needed agreements especially on the sDCI1 details will be a direct consequence of the related decisions on SPDSCH and SPUSCH handled in different AIs and we will therefore not handle this aspects in this contribution. 
4.1 Final details on sPDSCH assignments
The summary of the email discussion [2] provides already some good proposals to be agreed which we try to include here for completeness as a package – which are direct copies of the related proposals in the email discussion summary [2]:
Proposal 4.1: Agree the following proposals from the email discussion summary on DL sDCI format: 
· SRS request field is removed from the baseline fields of DL sDCI format.
· Aperiodic ZP CSI-RS resource indicator for PDSCH RE mapping field is removed from the baseline fields of DL sDCI format.
· The size of DAI field in DL sDCI format is 2 bits.
· The size of MIMO-related field (e.g., TPMI information for precoding, precoding information) in DL sDCI format is the same as that in legacy LTE.
· The size of HARQ process field in DL sDCI format is 4 bits.
· The bit size of DMRS indication field of DL sDCI format is 1 bit.

The other remaining issues (such as sPDCCH reuse indication in Sec. 5) are related to specific feature design, and therefore, should be handled there (but not as part of the sDCI content discussions here).
 
4.2 Final details on sPUSCH grants
The summary of the email discussion [2] provides already some good proposals to be agreed which we include here for completeness as a package – which are direct copies of the related proposals in the email discussion summary [2]:
Proposal 4.2: Agree the following proposals from the email discussion summary on UL sDCI format: 
· SRS request field is removed from the baseline fields of DL sDCI format.
· SRS request field is removed from the baseline fields of UL sDCI format.
· Resource allocation type field is removed from the baseline fields of UL sDCI format.
· Multi-cluster flag is removed from the baseline fields of UL sDCI format.
· The size of Cyclic Shift Field mapping table for DMRS field is 1 bit.
· The size of A-CSI request field in UL sDCI format is up to 3 bits.
· The size of DAI field in UL sDCI format is 2 bits.
· The size of HARQ process ID field in UL sDCI format is 4 bits.

[bookmark: _Hlk498681024]One open issue is the size and the definition of the “Cyclic Shift for DMRS and IFDMA configuration” field. In our view, it is simplest if the size of this field is kept at 3 bits, as in legacy case. 
Proposal 4.3: The size of “Cyclic Shift for DMRS and IFDMA configuration” field is 3 bits.

4.3 Alignment of DCI/sDCI sizes
As noted in our input to the email discussions, we prefer to align sDCI sizes of sPDSCH assignments (incl. DL fallback) and sPUSCH grants (incl. UL TM1 fallback) to decrease the UE blind decoding. 
At the same time, we do not see a need to align the size with DCI scheduling – as otherwise, the reduced overhead of smaller sDCI sizes compared to DCI sizes cannot be taken advantage of. 
Proposal 4.4: Support the alignment of sPDSCH assignments (incl. DL fallback) and sPUSCH grants (incl. UL TM1 fallback) to reduce the UE BD effort. Include an UL/DL differentiation bit and a Fallback indication bit in the related sDCI formats. 
Proposal 4.5: Do not support the alignment of sDCI1 and DCI sizes in sTTI#0. 

4.4 Support of multi-sTTI scheduling
As discussed in our earlier contributions, multi-sTTI scheduling seems to have limited advantages and will only yield real advantages for initial sPUSCH scheduling for subslot sTTI. Considering, that plenty of details would still need to be fixed for multi-sTTI scheduling (as discussed in Appendix B of our earlier contribution [4]), we prefer to not specify multi-sTTI scheduling as part of this WI and focus on the WI completion at RAN1#91.
Proposal 4.6: RAN1 to not specify multi-sTTI scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   

4.5 Support of 2-stage scheduling
Given the fact that 2-stage scheduling is not supported and has not been discussed since Reno/Nov meeting in 2016, we are very sceptic that the discussion on sDCI2 can converge in Reno/Nov 2017. While BD reduction in RB-sets could be considered, the advantage of BD reduction to power saving is limited, as the real power saving can be achieved only by switching-off/reducing the RF. On the other hand, we see more benefit in improving the coexistence of TTI with sTTI, where the PDSCH allocation is broadcast in the sDCI2 and UE can null the soft bits if PDSCH puncture the sPDSCH. However, considering the large amount of open issues, which are more useful for sTTI operation, such as sPDCCH reuse for sPDSCH, we propose not to support sDCI2 in this R15 WI. 
Proposal 4.7: RAN1 to not specify sDCI2 as part of this R15 work item and focus on more important sTTI aspects to complete the WI in time.   
5	sPDCCH resource reuse scheme
[bookmark: _Hlk497745541]For sPDCCH reuse, there are two basic things that need to be discussed and decided, the rate-matching behavior without dynamic reuse indication as well as the dynamic/L1 based reuse indication.

5.1 Rate-matching assumption without L1-based indication
This section refers to Sec. 2 of the email discussion in [3]. The following proposal for further down-selection has been presented over the email reflector:

Agreeable proposal-1:
· Per RB-set, a UE can be configured to operate at least two modes of sPDCCH rate-matching operation 
· Mode 1: UE rate-matches only around the sDCI scheduling the sPDSCH (if transmitted in the sPDCCH RB-set) 
· Mode 2: UE rate-matches around the whole sPDCCH RB set 
· FFS: Mode 3: UE rate-matches around the whole sPDCCH RB set if sDCI scheduling the sPDSCH is found in the RB-set
· FFS: Mode 4: UE rate-matches around the whole sPDCCH RB set if sDCI scheduling the sPDSCH is not found in the RB-set
· FFS RRC configuration details
[bookmark: _Hlk497745360]
We support the configurability between Mode 1 and Mode 2, but do not see a need for the additional Modes 3 & 4. Therefore, we propose:

Proposal 5.1: Per RB-set, a UE can be configured to operate with one of two modes of sPDCCH rate-matching operation 
· Mode 1: UE rate-matches only around the sDCI scheduling the sPDSCH (if transmitted in the sPDCCH RB-set) 
· Mode 2: UE rate-matches around the whole sPDCCH RB set 

5.2 L1-based reuse indication
First, we need an overall agreement to support the dynamic reuse indication to proceed with the further detailed design here. 

Proposal 5.2: Support dynamic L1 reused indication for slot and subslot based sPDSCH operation. Details are FFS.

There had been discussions to always include the bits for the reuse indication in the sPDSCH assignment (resulting in larger sDCI size/overhead) or making the presence for the reuse indication field in the sDCI configurable. We think that for certain operation types the sDCI overhead/size might be an issue and therefore prefer the presence of the reuse indication field to be configurable (i.e. Alt. 2 of the ‘Agreeable proposal-2’ of [3]). 

Proposal 5.3: A L1-based dynamic sPDCCH reuse indication is present in sPDSCH assignments transmitted on sPDCCH if configured by higher layers. Details are FFS.

[bookmark: _Hlk497745633]The next open point is the interpretation of the indication of ‘1’ of the reuse field in the sDCI. The bit can indicate either rate-match or map the sPDSCH data. We support the indication of rate-matching, because we think that the TBS determination should be dependent on RA field. If eNB wants, it can always allocate to a UE sRBGs overlapping with the RB-set indented for reuse.    
Proposal 5.4: L1 reuse indication indicates sPDSCH is rate-matched (1) or not (0) around sPDCCH resource, i.e. group of sCCE or RB-set depending on the L1 scheme.
[bookmark: _Hlk497745404]Finally, RAN1 needs to agree on the details of the signaling. We support a group of sCCE based signaling (i.e. Option 2 of the email discussion [3]), which is a super-set of per RB-set indication (i.e. Option3 in the email discussion [3]), providing further flexibility on top of per RB-set indication. 
On the details of the signaling, we think that the number of groups N could be higher layer configured together with the overall configuration of the L1 based reuse indication. On the details of the grouping, we propose that each set of sCCEs should contain as equal number of sCCEs as possible. Furthermore, we think that grouping should be dependent on the PDSCH allocation by only including sCCEs in the set which overlap with the sPDSCH allocation, which improves the signaling granularity and efficiency for RB-sets with localized sREG to sCCE mapping. 
Therefore, our related proposals can be summarized as:
Proposal 5.5: Indicate by single bit per each group of sCCEs, whether sPDSCH is rate-matched/not-rate-matched around the groups of sCCEs. Separate the sCCEs, in all RB-set(s) configured to the UE for monitoring, into N groups of sCCEs. N bits in sDCI. 
· The number of groups N is configurable by higher layers.
· The grouping depends on the sPDSCH frequency domain RA – i.e. only sCCEs overlapping with the sPDSCH are included in the set of sCCEs for reuse indication
· Split the number of overlapping sCCEs in N groups of (as much as possible) equal size over the sets configured for monitoring
· Order of sCCEs in the grouping is given by increasing order of sCCE within a set first, increasing order of sPDCCH RB-set second

6	Conclusions
In this contribution, we discussed details of the remaining details of DL control for shorter TTI. 
We structure our proposals according to the related sections in this contribution:
sPDCCH design:
· Proposal 2.1: 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. Each RB set is configured independently, i.e. there is no relation between the RB sets in terms of resource allocation, sPDCCH type, RS type and sPDCCH candidates (& starting points) of the individual RB sets. 
· Proposal 2.2: 
· The granularity of RB allocation for configuring an sPDCCH RB set is 1 RB.
· The number of consecutive RBs of each contiguous part in frequency domain for an DMRS-based sPDCCH RB set is multiple times of 2.
· Proposal 2.3: Support AL dependent sREG interleaving, by means of AL-dependent cyclic shift, within each sCCE of a sPDCCH candidate. The same cyclic shift applies to every CCE of a PDCCH candidate (in contrast to sREG interleaving within the whole sPDCCH candidate). 
· Proposal 2.4: For CRS-based sPDCCH transmission using SFBC, handle SFBC ‘orphan’ REs by repeating an RE of each sREG. The last RE of the sREG is to be repeated. 
· Observation 1: We do not see a need for the scrambling sequence initialization per sTTI. Moreover, we think the issue of sPDCCH sequence initialization should be jointly considered together with sTTI DM-RS and sPDSCH scrambling initialization. 

[bookmark: _Hlk498354413]Search space design:
· Proposal 3.1: Correct the RAN1#90bis agreement as (addition in red):
No maximum size needs to be specified for an sPDCCH RB set.
The overall search space (over all ALs and RB sets) in an sTTI configured to a UE is limited up to 16 sCCEs for 2/3os.
- FFS for 7os
· Proposal 3.2: The overall search space in a slot-level sTTI in the number of sCCEs for sDCI monitoring (on sPDCCH/PDCCH) is not limited. 
· Proposal 3.3: The overall search space in the number of PDCCH CCEs for subslot sDCI monitoring is not limited. 
· Proposal 3.4: For CRS-based sPDCCH and localized DMRS-based sPDCCH, the logical sCCEs corresponding to sPDCCH candidate of the sPDCCH search space at aggregation level  are 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 3.5: is configured by higher layer signaling. 

Scheduling and sDCI1 details:
· Proposal 4.1: Agree the following proposals from the email discussion summary on DL sDCI format: 
· SRS request field is removed from the baseline fields of DL sDCI format.
· Aperiodic ZP CSI-RS resource indicator for PDSCH RE mapping field is removed from the baseline fields of DL sDCI format.
· The size of DAI field in DL sDCI format is 2 bits.
· The size of MIMO-related field (e.g., TPMI information for precoding, precoding information) in DL sDCI format is the same as that in legacy LTE.
· The size of HARQ process field in DL sDCI format is 4 bits.
· The bit size of DMRS indication field of DL sDCI format is 1 bit.
· Proposal 4.2: Agree the following proposals from the email discussion summary on UL sDCI format: 
· SRS request field is removed from the baseline fields of DL sDCI format.
· SRS request field is removed from the baseline fields of UL sDCI format.
· Resource allocation type field is removed from the baseline fields of UL sDCI format.
· Multi-cluster flag is removed from the baseline fields of UL sDCI format.
· The size of Cyclic Shift Field mapping table for DMRS field is 1 bit.
· The size of A-CSI request field in UL sDCI format is up to 3 bits.
· The size of DAI field in UL sDCI format is 2 bits.
· The size of HARQ process ID field in UL sDCI format is 4 bits.
· Proposal 4.3: The size of “Cyclic Shift for DMRS and IFDMA configuration” field is 3 bits.
· Proposal 4.4: Support the alignment of sPDSCH assignments (incl. DL fallback) and sPUSCH grants (incl. UL TM1 fallback) to reduce the UE BD effort. Include an UL/DL differentiation bit and a Fallback indication bit in the related sDCI formats. 
· Proposal 4.5: Do not support the alignment of sDCI1 and DCI sizes in sTTI#0. 
· Proposal 4.6: RAN1 to not specify multi-sTTI scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   
· Proposal 4.7: RAN1 to not specify sDCI2 as part of this R15 work item and focus on more important sTTI aspects to complete the WI in time.   

SPDCCH reuse related:
· Proposal 5.1: Per RB-set, a UE can be configured to operate with one of two modes of sPDCCH rate-matching operation 
· Mode 1: UE rate-matches only around the sDCI scheduling the sPDSCH (if transmitted in the sPDCCH RB-set) 
· Mode 2: UE rate-matches around the whole sPDCCH RB set 
· Proposal 5.2: Support dynamic L1 reused indication for slot and subslot based sPDSCH operation. Details are FFS.
· Proposal 5.3: A L1-based dynamic sPDCCH reuse indication is present in sPDSCH assignments transmitted on sPDCCH if configured by higher layers. Details are FFS.
· Proposal 5.4: L1 reuse indication indicates sPDSCH is rate-matched (1) or not (0) around sPDCCH resource, i.e. group of sCCE or RB-set depending on the L1 scheme.
· Proposal 5.5: Indicate by single bit per each group of sCCEs, whether sPDSCH is rate-matched/not-rate-matched around the groups of sCCEs. Separate the sCCEs, in all RB-set(s) configured to the UE for monitoring, into N groups of sCCEs. N bits in sDCI. 
· The number of groups N is configurable by higher layers.
· The grouping depends on the sPDSCH frequency domain RA – i.e. only sCCEs overlapping with the sPDSCH are included in the set of sCCEs for reuse indication
· Split the number of overlapping sCCEs in N groups of (as much as possible) equal size over the sets configured for monitoring
· Order of sCCEs in the grouping is given by increasing order of sCCE within a set first, increasing order of sPDCCH RB-set second
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