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1     Introduction
We expressed our views regarding physical layer design of sPDCCH in the email discussion [89-04]. This contribution provides additional sPDCCH design details. 

2 SPDCCH RB set configuration
For CRS-based sPDCCH (e.g., sPDCCH with 1 symbol length), eNB can configure a UE to rate-match around the data DMRS present in the control resources when monitoring the control candidates. This would be beneficial for instance, 
a) if the CRS-based sPDCCH schedules DMRS-based DL data, or

b) if the CRS-based sPDCCH is an UL grant, and the DMRS-based DL data is for another UE
 Proposal 1: Rate-matching around data DMRS can be configured for a sPDCCH-RB set.
3 sPDCCH resource mapping
For EPDCCH, a UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of broadcast signals (i.e., PBCH or primary or secondary synchronization signals) in the same subframe. For EPDCCH, at most 8 PRBs are present in each EPDCCH PRB-set. In case of sPDCCH with constrained time duration of 1 or 2 OFDM symbols, more RBs in frequency domain is likely to be needed for a control candidate, and discarding a candidate that partially overlaps with broadcast signals might lead to scheduling restrictions. For instance, assuming 3 sREGs/sCCE, a 1 symbol CRS-based control candidate with AL=4 could take 12 RBs. If such candidate overlaps in frequency with a transmission of broadcast signals, not monitoring the candidate could cause control blocking issue in those sTTIs for the UE. One simple way is to not map sPDCCH candidates to the central 6 RBs in the sTTIs.     
Proposal 2: A sCCE is not mapped to a PRB that overlaps in frequency with a transmission of broadcast signals.

Based on RAN1#88bis agreement:

The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· FFS: 

· UE capability on:

· The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH

During the RAN1#88bis meeting, the benefit of supporting 1-symbol sPDCCH was recognized as providing better frequency diversity gain than 2-symbol sPDCCH for CRS-based sPDCCH candidates with small aggregation levels. 

Regarding the above FFS, we think benefit of introducing such a UE capability is not clear considering the same UE might monitor 
(a) sometimes DMRS-based sPDCCH (which spans 2 symbols at least for 2-symbol sTTIs) and 

(b) sometimes CRS-based sPDCCH (e.g., to achieve better frequency diversity gain could have 1 symbol) 

If different processing time is needed for 1-symbol sPDCCH and 2-symbol sPDCCH, the HARQ timing for the UE supporting both CRS-based and DMRS-based sPDCCH becomes complicated.
Observation 1: Since a UE may be scheduled sometimes with 1-symbol CRS-based sPDCCH and sometimes with 2-symbol DMRS-based sPDCCH, the benefit of introducing a UE capability on the HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS-based sPDCCH is not clear.
4 sPDCCH DMRS
Since the DMRS-based sPDCCH spans multiple RBs, DMRS bundling can be beneficial for sPDCCH.      
Proposal 3: DMRS bundling for sPDCCH can be used to improve sPDCCH channel estimation.
Conclusions

In this contribution we discussed our views on various aspects of control signalling for sTTI operation and make the following observation and proposals:
· Observation 1: Since a UE may be scheduled with 1-symbol CRS-based sPDCCH and 2-symbol DMRS-based sPDCCH, the benefit of introducing a UE capability on the HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS-based sPDCCH is not clear.
· Proposal 1: Rate-matching around data DMRS can be configured for a sPDCCH-RB set.
· Proposal 2: A sCCE is not mapped to a PRB that overlaps in frequency with a transmission of broadcast signals.
· Proposal 3: DMRS bundling for sPDCCH can be used to improve sPDCCH channel estimation. 

