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1 Introduction

In RAN1 #83 meeting, the following agreements were made to increase resource utilization in case of DMRS-based PDSCH collision with PSS/SSS/PBCH [1].
Agreements:
· In Rel-13, introduce the new UE behavior in case of collisions between PDSCH with port 5, 7-14 DMRS and PSS/SSS/PBCH in the specification

· When the UE is scheduled with DMRS based PDSCH in RBGs containing PSS/SSS/PBCH, the UE can receive the RBs that does not overlap with PSS/SSS/PBCH within the RBGs.

· Investigate further until RAN1#84 whether or not UE can also receive RBs that overlap with PSS/SSS/PBCH

· This functionality is optional.

· A single UE capability is introduced irrespective of the decision at RAN1#84

Note: In current specification the UE is not expected to decode PDSCH in case of collisions between PDSCH with DMRS and PSS/SSS/PBCH 

According to the above agreement, CRs were approved for TS36.211 [2] and TS36.213 [2] in RAN1# 84 meeting. However, it is observed that a UE behavior when PDSCH transmitted on antenna port 5 are overlapped in frequency with PSS/SSS in TDD case is not aligned between TS36.211 and TS36.213. This contribution discusses the issue and proposes the modification in TS36.211.
2 Discussion
In Section 7.1 of TS36.213, following UE procedures for receiving the PDSCH were specified for frame structure type 1 and frame structure type 2, respectively. 

· For frame structure type 1,

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which the number of OFDM symbols for PDCCH with normal CP is equal to four;

· a non-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same subframe;
· …
· For frame structure type 2,

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which the number of OFDM symbols for PDCCH with normal CP is equal to four;

· 
the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of PBCH in the same subframe;

· 
a non-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of primary or secondary synchronization signals in the same subframe;
· …
Especially for TDD, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in subframe #0 in which PBCH is transmitted. Because port 5 DMRS is not overlapped with PSS/SSS in TDD, the specification only considers the case when PDSCH transmitted on antenna port 5 is overlapped with PBCH.
However, in Section 6.4 of TS36.211, following exception case was introduced by R1-160988.

· The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3 with the following additions and exceptions:
· …
· PDSCH on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s) carrying PBCH or synchronization signals.
· …
According to TS36.211, in TDD case, it can be interpreted that the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in subframe #0, #1, #5, #6 in which PSS/SSS/PBCH is transmitted, regardless of DMRS collision. It is different UE procedures for receiving the PDSCH specified in TS36.213.

Observation: The UE behavior for receiving PDSCH on antenna port 5 when the PDSCH resource blocks transmitted with antenna port 5 is overlapped with PSS/SSS in TDD is not aligned between specifications
It is worth noting that for the collision between PDSCH with antenna port 7-14 and PSS/SSS in TDD, there is a case that the DMRS is not overlapped with PSS, but the PDSCH cannot be transmitted. For example, in case that subframe #6 is downlink subframe (e.g. TDD UL/DL configuration 3, 4, 5), the port 7-14 DMRS does not collide with PSS. However, the PDSCH cannot be transmitted on the overlapped PRBs because the specification does not distinguish the UE procedure according to UL/DL configurations. That is, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7-14 overlapped with PSS/SSS regardless of actual DMRS collision.
Based on above observation, following clarification is proposed in TS36.211. 
Proposal: Following text proposal should be captured in TS36.211.

------------------------------------------------------------------------------------------------------------------------------------------------
6.4
Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3 with the following additions and exceptions:

-
In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of  
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-
In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s) 
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 is the number of layers used for transmission of the PDSCH.

-
If PDSCH is transmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be transmitted on one or several of antenna port(s) 
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 is the number of layers used for transmission of the PDSCH. 
-
PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH

-
In mapping to resource elements, the positions of the cell-specific reference signals are given by clause 6.10.1.2 with the number of antenna ports and the frequency shift of the cell-specific reference signals derived as described in clause 6.10.1.2, unless other values for these parameters are provided by clause 7.1.9 in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI.

-
If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, the PDSCH is not mapped to resource elements assumed by the UE to be used for transmission of: 
-
zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause 6.10.5.2.The configuration for zero power CSI reference signals is

-
obtained as described in clause 6.10.5.2, unless other values for these parameters are provided by clause 7.1.9 in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI, and

-
obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2. 

-
non-zero-power CSI reference signals for CSI reporting, where the positions of the non-zero-power CSI reference signals for CSI reporting are given by clause 6.10.5.2. The configuration for non-zero power CSI reference signals is obtained as described in clause 6.10.5.2.

-
PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH. 
-
For frame structure type 1,
-
PDSCH on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s) carrying PBCH or synchronization signals.
-
For frame structure type 2,

- 
PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying PBCH.
- 
PDSCH on antenna port 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s) carrying synchronization signals.
-
For frame structure type 1 and 2, the index 
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 is given by clause 7.1.6.4 of 3GPP TS 36.213 [4]. 
-
For frame structure type 3, 

-
if the higher layer parameter subframeStartPosition indicates ‘s07’ and the downlink transmission starts in the second slot of a subframe 

-
the index 
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 in the second slot in a subframe fulfils 
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 is given by clause 7.1.6.4 of 3GPP TS 36.213  [4],

-
otherwise 

-
the index 
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 in the first slot in a subframe fulfils 
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 is given by clause 7.6.1.4 of 3GPP TS 36.213  [4],

3 Conclusions 

This contribution discusses the ambiguous UE behavior when the PDCCH transmitted on antenna port 5 is overlapped with PSS/SSS in TDD case and possible text proposal for clarification.
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