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1 Introduction
The DMRS patterns are designed to optimize the DMRS based channel estimation performance. However, these patterns can collide with PSS and SSS if DMRS antenna ports (antenna ports 7 – 14) are used in the center 6 RBs in subframe 0 and subframe 5. 
In this contribution, we discuss the collision avoidance of DMRS port 7 – 14 with PSS and SSS.

2 DMRS collision with PSS/SSS
In RAN1 #59bis, as an outcome of the discussion of [1], RAN1concluded that for antenna port 5, the Rel-8 specifications allow the UE to not decode the whole PDSCH transmission if any part of the PDSCH collides with PBCH/PSS/SSS, or to decode part of the PDSCH transmission not colliding with PBCH/PSS/SSS. Similar discussion on antenna port 7 and 8 occurred during the Rel-9 standardization. No agreement was reached and hence no text was added to Rel-9 to clarify this issue. 
Note that the notion of collision of PDSCH (or DMRS) with PBCH/PSS/SSS, albeit well understood, is not rigorously defined. In the current spec [3], both PDSCH and DMRS should avoid PBCH/PSS/SSS. With that, PDSCH and DMRS would never collide with PBCH/PSS/SSS. Rigorously speaking, there is never an issue of collision between PDSCH/DMRS with PBCH/PSS/SSS. 
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Figure 1. DMRS and PSS/SSS collision in the center 6 RB in subframe 0
The resource allocation for PSS, SSS, PBCH, and DMRS in the center 6 RBs in subframe 0 and subframe 5 is shown in Figure 1 (b). DMRS for antenna ports 7 – 14 are not transmitted in OFDM symbols 5 and 6 because these two OFDM symbols are used to transmit PSS and SSS. As a result, it would be difficult for a UE to receive PDSCH transmissions on antenna ports 7 – 14 in the center 6 RBs in subframe 0 and subframe 5. On the other hand, it would put additional constraints on eNB scheduling if eNB were required to guarantee the avoidance of the center 6RBs in subframe 0 or subframe 5 while using antenna port 5, 7 – 14. 
We discuss a few options that resolve this issue:
Option 1
In this option, UE discards the PDSCH REs on antenna ports 7 – 14 in the center 6 RBs in subframe 0 and 5. This is a simplest solution that does not add any additional restriction in eNB transmission or require any UE receiver change. 
The resource allocation for a PDSCH may include some RBs in the center 6RBs in subframe 0 or subframe 5, and some RBs outside of this region. In this case, it is up to the UE implementation to decide whether to receive those PDSCH REs that are outside of the center 6 RBs in subframe 0 or subframe 5, the choice of which leads to the following two alternatives that belong to Option 1.

Option 1a: For frame structure type 1, if a PDSCH is transmitted using at least one of the ports 7 – 14 with resource allocation of that PDSCH including at least one of the center 6 PRBs in subframe 0 or subframe 5, the UE may discard all received modulation symbols on resources allocated to that PDSCH. In this case, the UE may feedback DTX or NAK to trigger retransmission from the eNB. From a UE’s perspective, the duty cycle will be limited to 80%, which in turn limits the achievable peak rate. Nevertheless, it should be allowed as a legitimate implementation for low-cost UEs due to the simplicity.
Option 1b: For frame structure type 1, if a PDSCH is transmitted using at least one of the ports 7 – 14 with resource allocation of that PDSCH including at least one of the center 6 PRBs in subframe 0 or subframe 5, the UE may discard the received modulation symbols on the PDSCH REs that are allocated to that PDSCH in the center 6 RBs. The UE may receive the modulation symbols on the PDSCH REs that are allocated to that PDSCH outside of the center 6 RBs. In this case, the UE may or may not be able to successfully decode the PDSCH, and feedback the UL ACK channel accordingly. This implementation does not require change of DMRS channel estimator, while maintaining the achievable duty cycle to be 100%. 
Option 2
In this option, UE receives the PDSCH REs on antenna ports 7 – 14 in the center 6 RBs in subframe 0 and 5 when antenna ports 7 – 14 are used in the center 6 RBs in subframe 0 and 5. 
In the center 6 RBs in subframe 0 and 5, since the DMRS for antenna ports 7 – 14 can only be transmitted in OFDM symbol 12 and 13, it will be very difficult for a UE to resolve 4 antenna ports in one CDM group. As a result, in order to avoid performance degradation at the UE receiver, the number of layers on the PDSCH should be less than or equal to 4 (The number of DMRS antenna ports in each DMRS CDM group is less than or equal to 2). Note that this would also require a different DMRS channel estimator at the UE as the DMRS pattern is changed (no DMRS in OFDM symbol 5 and 6).
In summary, if eNB transmits PDSCH using antenna port 7, 8, 9, 10 in the center 6 RBs in subframe 0 or subframe 5, it is still possible for the UE to correctly estimate the channel on these antenna ports in the center 6 RBs with a modified DMRS based channel estimator, and to properly receive the modulation symbols transmitted on the corresponding layers in the center 6 RBs. It is not preferable for the eNB to use port 11, 12, 13, and 14 in the center 6 RBs in subframe 0 and subframe 5 because UE cannot estimate the channel on these ports and thus cannot receive the modulation symbols on corresponding layers. Downlink transmission on these layers in the center 6 RBs in subframe 0 and subframe 5 would increase the interference to other layers in the same cell, and to transmissions in the same RBs in other cells. 
Although option 2 can potentially bring performance benefits, it increases the complexity of DMRS channel estimator at the UE receiver. It is also expected that eNB, in most cases, can avoid scheduling DMRS based transmission in the center 6 RBs in subframe 0 and subframe 5 without much complexity or performance loss. In addition, due to PBCH/PSS/SSS, the number of PDSCH REs in the center 6 RBs in subframe 0 and subframe 5 is small already. Therefore, we prefer a simple solution to this issue.

Proposal: For frame structure type 1, UE is not expected to receive any modulation symbols that are mapped to PDSCH REs on antenna port 7, 8, 9, 10, 11, 12, 13, or 14 in the center 6 RBs in subframe 0 or subframe 5. 

3 Conclusions
In order to guarantee consistent UE behavior and maximize eNB scheduling flexibility, we propose the following clarification as a resolution to the PDSCH transmission using antenna ports 7 – 14 in subframe 0 and subframe 5 in the 6 center PRBs:
Proposal: 
1. For frame structure type 1, UE is not expected to receive any modulation symbols that are mapped to PDSCH REs on antenna port 7, 8, 9, 10, 11, 12, 13, or 14 in the center 6 RBs in subframe 0 or subframe 5. 
2. Adopt the proposed text in the Appendix of this contribution in 36.213
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Appendix: Text proposal for collision avoidance of DMRS with PSS and SSS

The following changes are proposed for section 7.1 in 36.213.

7.1 UE procedure for receiving the physical downlink shared channel
...
The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via PDCCH according to one of nine transmission modes, denoted mode 1 to mode 9.

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;

· the 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 synchronisation signals in the same subframe;

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed VRB resource allocation is assigned.

· The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.  If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully decoded.
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;

· the 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 synchronisation signals in the same subframe;
· with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed VRB resource allocation is assigned in the special subframe with configuration #1 or #6;
· the UE is not expected to receive PDSCH on antenna port 7  for which distributed VRB resource allocation is assigned.

· The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.  If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully decoded.
If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI. 
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