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1	Summary of proposed changes for DL control channels
The proposed changes in this document address the following aspects. Some of them were discussed offline and the corresponding offline TP number is provided for convenience.
	Title 
	Offline TP #

	Correction to SPDCCH Assignment Procedure
	40

	Correction to SREG-to-SCCE Mapping
	41

	Supporting both CRS-based and DMRS-based RB sets per TTI
	50




2	Correction to SPDCCH Assignment Procedure (TP#40)
For the CRS-based SPDCCH-PRB set or a DMRS-based SPDCCH PRB set configured with localized SPDCCH transmission, a portion of the search space equation can be removed since it is not needed.
	[bookmark: _Hlk509564488]Modified clause (9.1.6 of TS 36.213 v15.0.0)


9.1.6   	SPDCCH assignment procedure






For a CRS-based SPDCCH-PRB-set or a DMRS-based SPDCCH-PRB-set configured with localized SPDCCH transmission in slot/subslot , the SCCEs corresponding to SPDCCH candidate of the search space  at aggregation level are given by







For a DMRS-based SPDCCH-PRB-set configured with distributed SPDCCH transmission, the SCCEs corresponding to SPDCCH candidate of the search space are given by

 

	End of modifications



3	Correction to SREG-to-SCCE Mapping (TP#41)
As shown in the figure below, when the number of RBs per symbol per RB set is not a multiple of 4, the agreed SREG-to-SCCE mapping for localized CRS-based SPDCCH leads to cases, where not only the RBs forming one SCCE are located over multiple symbols, but also, their distribution is not uniform. Hence, the unused RBs cannot be used by the legacy users either.
[image: ]
Figure 1: A CRS-based SPDCCH with localized mapping.

Also, as shown in the figure below, when the number of RBs per symbol per RB set is not a multiple of 4, the agreed SREG-to-SCCE mapping for distributed CRS-based SPDCCH leads to cases, where the unused RBs are non-uniformly distributed across the two symbols. Hence, these resources cannot be used by the legacy users either.
[image: ]
Figure 2: A CRS-based SPDCCH with distributed mapping.

	Modified clause (6.8C.1 of TS 36.211 v15.0.0)


6.8C.1	SPDCCH formats



Within SPDCCH set , the SCCEs available for transmission of SPDCCHs are numbered from 0 to and SCCE number  corresponds

-	SREGs numbered  for localized and distributed SPDCCH mapping with CRS and DMRS based demodulation and for distributed SPDCCH mapping with DMRS-based demodulation

-   SREGs numbered for localized mapping with CRS-based demodulation.


-	SREGs numbered    for distributed SPDCCH mapping with CRS-based demodulation.


where and  is the number of SREGs per SCCE.

	End of modifications



3	Supporting both CRS-based and DMRS-based RB sets per TTI (TP#50)
In RAN1 #89, the following two agreements were made:
Agreement:
· A sPDCCH RB set can be configured with at least the following information:
· A set of RBs 
· EPDCCH PRB allocation is reused
· Transmission scheme (e.g., CRS-based or DMRS-based)
· FFS: Dependent on subframe type
· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)
· FFS: Localized or distributed sPDCCH candidate to sCCE mapping
· Number of sPDCCH candidates/aggregation levels of the RB set
· FFS: Same or different sPDCCH candidates for different sTTI index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
· FFS: other information (if needed)

Agreement
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.
· One sPDCCH candidate is contained within one RB set

Hence, a UE should be able to monitor two RB sets, possibly with different RS types, per TTI. This will incur more complexity at the UE side since it has to run three channel estimations: two for the two RB sets and one for PDSCH. This, however, does not preclude the possibility of configuring CRS-based RB sets in non-MBSFN subframes and DMRS-based RB sets in MBSFN subframes.
To address the issue above, we propose to define a UE capability for the support of RB sets with different RS types per TTI.
Proposal 1: Whether a UE can support RB sets with different RS types per TTI is a UE capability.
Proposal 2: Send an LS to RAN2 to include this capability in 36.331.
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