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1. Introduction
In the RAN1#88b meeting, several decisions were made on sPDCCH configuration, which allows for some progress also in search-space design. In this contribution, we discuss the reduction of BD ins Section 2 and configuration of search-space in Section 3.
[bookmark: _Ref446873161]2. On reduction of search spaces monitored by the sTTI capable UE  
According to previous agreements, the legacy PDCCH may carry short sDCI1s scheduling short PDSCH and/or short PUSCH. In addition, dynamic switching between sTTI and 1ms TTI is supported. Therefore, a UE configured in the reduced latency mode will be required to read the user-specific search space (USS) in PDCCH. And in any case, the UE configured with shorter TTI operation will be required to monitor sUSS in sPDCCH for sTTI UL grants and DL assignments. 
Observation-1: A UE configured for short TTI operation is required to monitor at least USS on PDCCH and sUSS on sPDCCH.
In the following we will discuss whether and how the number of blind decodes performed by a UE configured with LR mode can be reduced in USS and sUSS.
Reduction of the blind decodes on the USS and sUSS
The number of blind decodes performed by a UE may be reduced by several methods. The reduction of USS has been studied as well in the Rel-13 CA beyond 5 CC WI, where two different methods to reduce the number of USS BDs in the end had been specified, namely (i) reducing the number of USS candidates on a carrier, and (ii) disabling monitoring for DCI format 0/1A. These two methods have two underlying principles, namely reducing the number of BDs through reducing the number USS candidates within a subframe and reducing the number of DCI formats the UE would need to search for. 
Observation-2: The number of BDs can be limited by reducing the user-specific search space and by reducing the number of DCI formats a UE has to monitor.
It is obvious that the total number of blind decodes will have to be shared between USS on PDCCH and several sUSSs on sPDCCH, each in one sTTI. For example, if the total budget of 32 blind decodes (as in legacy USS) would have to be shared equally between 6 sUSS/USS instances scheduling 2OS fast DCI1s and USS instance scheduling legacy TTI, it would result in the budget of at most 4-5 blind decodes per one scheduling instance.
Observation-3: Keeping the total number of allowed BDs per subframe the same as in legacy, will result in a small number of BDs allowed in a single 2OS-sTTI sUSS.
There are two additional things to consider when defining the overall total number of blind decodes. First, we do not only need to consider sDCI1 scheduling for sTTI but also the 1ms TTI operation for the same UE requiring also some BDs. Dynamic switching to legacy TTI was found beneficial during SI, therefore the performance of legacy should not be jeopardized by dramatic reduction of the legacy search space, resulting into blockings and scheduling restrictions. Clearly the number of BDs per sTTI need to be reduced in order to be able to have a low latency in the DL control decoding for sTTI but at least for legacy 1ms TTI operation there should be more time available to anyhow perform the blind decodes. Moreover, low latency operation requires improved processing capabilities at the UE side anyhow. Thus, considering the total number of blind decodes within a subframe without differentiating between sTTI BDs (and these independent of the DL sTTI length) and 1ms TTI BDs seems not reasonable. 
We think it would be more useful to see the sTTI BDs as a separate resource for sTTI capable UEs on top of 1ms TTI operation. Just as an example here, a UE with 2-OS sTTI configured could be required to still perform legacy 32BDs on USS looking for 1ms TTI grants (where the latency is not such an issue) and in addition to be required to monitor for 6*6BDs in total per subframe for sDCI1s on USS & sUSS. For 7-symbol/1-slot TTI a slightly larger number of BDs per sTTI could be thought of, resulting just as an example in 32BDs for DCIs on USS and 2*16 BDs for sDCI1s. 
Proposal-1: For a UE capable of sTTI operation, define the maximum number of sUSS BDs scheduling sPDSCH and sPUSCH as additional capability on top of lms TTI operation. 
As discussed in companion contribution [1], the sizes of sPDSCH assignments and sPUSCH grant should be aligned to reduce the number of blind decodes for sTTI operation. This would require the UE to only monitor for a single sDCI1 size per sTTI and thereby the number of BDs for sTTI operation would be directly given by the number of control channel candidates for sDCI1 monitoring. 

3. On UEs search-space in sPDCCH
The sPDCCH resource is configured by higher-layers to a UE in a form of RB set or two RB sets of sPDCCH PRBs containing the user-specific search-space, as discussed above. The higher-layer configured control resource contains sCCEs which can be arranged to sPDCCH candidates. The information on how many candidates and with what aggregation level could be provided to UE by higher layers, and could be configured to a UE together with the sPDCCH RB set, i.e. configuration would be per RB set. An eNB will be able to configure up to S candidates across all aggregation levels of all sPDCCH RB sets.
Proposal-2: A UE is configured for each sPDCCH RB set containing sUSS with the number of sPDCCH candidates for each aggregation level. 
Proposal 3: The number of candidates across all aggregation levels of all sPDCCH RB sets configured to a UE shall not exceed S. FFS on S.
While the value of S is FFS, we propose that at least aggregation levels of 1, 2 and 4 sCCEs are supported to enable operation in interference-limited environments. And, it should be left for further study whether other aggregation levels, such as 3 or 8 sCCEs, should be also supported. 
Proposal-4: Support at least aggregation levels of 1, 2 and 4 sCCEs. FFS on support of other aggregation levels.
The configured DCI candidates will be mapped on available CCEs. These candidates could be mapped in nested/overlapping manner, such as in legacy, or candidates could be non-overlapping. The mapping with non-overlapping candidates simplifies/makes the signalling of vacant control resources more efficient, because non-overlapping mapping minimizes the number of potential colliding candidates per frequency resource.  On the other hand, if UE’s sPDCCH resource would be smaller than resource needed for all configured candidates, some of the candidates would be blocked. One possible solution to this problem would be to assume that candidates are allocated non-overlapping, however, if sPDCCH resource is insufficient, then candidates can start to overlap in circular manner. This is illustrated in Figure 1, where 8 candidates (3x AL1, 3xAL2, 2x AL4) are mapped on 8CCEs (12RBs x 2OS) available within sPDCCH.


Figure 1 An example of candidate mapping to available CCEs in configured sPDCCH 

Proposal-5: Support a consecutive mapping of sPDCCH candidates (with increasing AL) to sCCEs in order to avoid overlaps.
Different UEs could have different requirements for number of configured aggregation levels within the sPDCCH RB set. For example, one UE (UE1) in good channel conditions might be configured with lower aggregation levels such as 3xAL1, while other UE (UE2) having medium channel conditions could be configured with higher aggregation levels e.g. 3xAL2. If the sUSS of each of the two UEs would be just mapped on the sPDCCH RB set based on the configured sPDCCH candidates to be monitored for the UE, the larger ALs of UE 2 would block several lower ALs of UE1. Therefore, the same overall set of candidates could be configured to both UEs together with the sPDCCH RB set such as shown in example Figure 1 with the overall set of {3,3,2}, where then UE1 would have based on the configured sPDCCH candidates of {3,0,0} would monitor AL1-1 to AL1-3 and UE2 based on its configured candidates of {0,3,0} would monitor AL2-1 to AL2-3. As can be seen from Figure 1, when having the overall set of sPDCCH candidates of the sPDCCH PRB set configurable can help to prevent sPDCCH blocking. 
Proposal-6: Support the configuration of an overall set of AL candidates present on a RB set for a UE to reduce the blocking probability. The UE-specific search-space may be smaller than the overall search-space of the sPDCCH RB set. 

4. On UEs sDCI1 monitoring on PDCCH
As discussed in several RAN1 meetings and in our companion contribution [2], there is a need to monitor for sDCI1 also on PDCCH. For CFI=2 & 3 sDCI1 monitoring in sTTI#0 will be always on USS PDCCH whereas the situation for CFI=1 is still opened. 
Several companies proposed to align the sDCI1 sizes with DCI format 0/1A size when transmitting sDCI1 on PDCCH USS. This would reduce the number of BDs when monitoring for sDCI1 on PDCCH. We don’t think that such alignment of the sDCI1 sizes with 1ms TTI DCI sizes to be reasonable because:
· Since Rel-13, we have the option to disable the monitoring of DCI format 0/1A. If the network would be using this disabling the intended BD reduction would anyhow not materialize. 
· Multi-sTTI scheduled is envisioned which would not make the alignment of the DCI sizes to be practical at all. 
· As noted by some chipset vendors, for DCI monitoring (as having more time available) the channel estimation quality might be increased by using later occurring CRS symbols/REs as used in legacy implementation. This resulting into separate monitoring for sDCI1s and DCI on PDCCH. 
· Overall, the alignment of sDCI1 & DCI sizes will decrease the DL control efficiency as in one way or the other some zero padding would be needed. 
Proposal-7: Account for separate blind decodes of sDCI1 and the legacy DCI formats when monitoring sDCI1 on PDCCH, i.e. do not align the sizes of sDCI1 with DCI Formats 0/1A.
As discussed in the previous section, the number of ALs candidates on a sPDCCH PRB set should be configurable and limited to the overall required UE capability of S candidates. Similarly, we see a need to also configure (separately) the number of AL candidates for sDCI1 to be monitored on PDCCH. A direct reuse of the AL candidates from sPDCCH might not be useful as (i) more than one sPDCCH PRB set can be configured, (ii) the number of REs within a CCE and sCCE might be different which might lead to a different optimal distribution of AL candidates and (iii) depending on the CFI the UE would only need to monitor sPUSCH grants leading to a lower number of required candidates overall. 
Proposal-8: A UE is configured with the number of PDCCH candidates for each aggregation level applicable for sDCI1 monitoring on PDCCH. The PDCCH candidates for sDCI1 monitoring are configurable independently of sPDCCH candidates on RB-set(s).
Finally, we think that the current PDCCH search space definition in Sec. 9.1.1 of 36.213 could and should be directly reused also for the sDCI1 monitoring by simply using the configured AL candidates for sDCI1 for the determination of M(L).
Proposal-9: The legacy PDCCH search space definition is applied using the configured AL candidates M(L) for the sDCI1 monitoring on PDCCH.

5. Summary
Based on the discussion in this contribution, we have the following observations and proposals:
Observation-1: A UE configured for short TTI operation is required to monitor at least USS on PDCCH and sUSS on sPDCCH.
Observation-2: The number of BDs can be limited by reducing the user-specific search space and by reducing the number of DCI formats a UE has to monitor.
Observation-3: Keeping the total number of allowed BDs per subframe the same as in legacy, will result in a small number of BDs allowed in a single 2OS-sTTI sUSS.
Proposal-1: For a UE capable of sTTI operation, define the maximum number of sUSS BDs scheduling sPDSCH and sPUSCH as additional capability on top of lms TTI operation.
Proposal-2: A UE is configured for each sPDCCH RB set containing sUSS with the number of sPDCCH candidates for each aggregation level. 
Proposal 3: The number of candidates across all aggregation levels of all sPDCCH RB sets configured to a UE shall not exceed S. FFS on S.
Proposal-4: Support at least aggregation levels of 1, 2 and 4 sCCEs. FFS on support of other aggregation levels.
Proposal-5: Support a consecutive mapping of sPDCCH candidates (with increasing AL) to sCCEs in order to avoid overlaps.
Proposal-6: Support the configuration of an overall set of AL candidates present on a RB set for a UE to reduce the blocking probability. The UE-specific search-space may be smaller than the overall search-space of the sPDCCH RB set. 
Proposal-7: Account for separate blind decodes of sDCI1 and the legacy DCI formats when monitoring sDCI1 on PDCCH, i.e. do not align the sizes of sDCI1 with DCI Formats 0/1A.
[bookmark: _GoBack]Proposal-8: A UE is configured with the number of PDCCH candidates for each aggregation level applicable for sDCI1 monitoring on PDCCH. The PDCCH candidates for sDCI1 monitoring are configurable independently of sPDCCH candidates on RB-set(s).
Proposal-9: The legacy PDCCH search space definition is applied using the configured AL candidates M(L) for the sDCI1 monitoring on PDCCH.
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