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1. Introduction

In RAN1#86 meeting, the following agreements are made on PDSCH rate matching:
	Agreement:

· A solution is to be selected from the following three alternatives for aperiodic ZP CSIRS resource indication (TBD RAN1#86bis)

· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

· Alternative-2: Aperiodic ZP CSIRS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.

· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs

· In this case, aperiodic ZP CSIRS resource is not defined

· Definition of Aperiodic ZP CSIRS:

· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 

· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config

· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.

· Study the impact of collision between EPDCCH RE and aperiodic CSI-RS 



In email discussion [86b-11], intensive discussions took place and the conclusion from the email discussion is summarized in [1], in which following three rate matching alternatives are identified to be down-selected or merged until RAN1#87:

[RM Alt.1]

· For PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS, X-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL DCI format in CSS with a new RNTI, where 
· X is determined by RRC signaling.
· AP ZP CSIRS resource configuration is defined without subframe_config
· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.
· AP ZP CSI-RS resource signaling field descriptions are
· State ‘0’:  No configured AP ZP CSIRS is indicated.
· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.
· …
· State ‘n’ (=2^X-1):  The nth RRC-configured AP ZP CSIRS is indicated to be applied.
· For CA, multiple X-bits are concatenated in the DCI field.
· The AP ZP CSI-RS resource(s) signaled in the DCI is considered as EPDCCH available REs and punctured.
[RM Alt.3]

· For PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs. 
· AP ZP CSIRS resource configuration is defined without subframe_config
· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.
· AP ZP CSI-RS resource signaling field descriptions are
· State ‘0’:  No configured AP ZP CSIRS is indicated.
· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘2’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘3’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.
· FFS until RAN1 #87, solution (if needed) for collision between EPDCCH and Aperiodic CSI-RS
[RM Alt.3’]

· For PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs. 
· AP ZP CSIRS resource configuration is defined without subframe_config
· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.
· If up to 3 AP ZP CSI-RS resource configurations are configured by RRC, AP ZP CSI-RS resource signaling field descriptions are
· State ‘0’:  No configured AP ZP CSIRS is indicated.
· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘2’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘3’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.
· If more than 3 AP ZP CSI-RS resource configurations are configured by RRC, the above 3 non-zero state descriptions are given/activated via MAC CE, each choosing one out of the configured AP ZP CSI-RS resource configurations.
· AP ZP CSI-RS resource is configured for EPDCCH by higher layer, and considered as EPDCCH available REs and punctured.
In this contribution, we discuss remaining details on PDSCH rate matching, based on the conclusion made in the email discussion [86b-11].
2. Discussion 
RM Alt.1 is common-DCI based, whereas RM Alt.3 and Alt.3’ are 2-bit UE-specific DCI based. Details of Alt.1 described above are concrete in a technical view point, in that such enhanced rate matching needs to be signaled to all the advanced UEs in a cell. That is because the purpose of this enhanced rate matching is to allow a UE to rate match around any aperiodic CSI-RS REs transmitted in the cell, not only targeted to the UE but also targeted to other UEs. Furthermore, since common-DCI is transmitted on common search space, the UE can recognize it earlier than receiving potential EPDCCH in the same subframe, so that proper EPDCCH RE puncturing can be applied accordingly. Some drawbacks on Alt.1 would be increased control channel overhead on the common-search space and difficulty in case when eCA is configured together. This can, however, alternatively be regarded to be handled by proper eNB implementation.
RM Alt.3 and Alt.3’ are very similar, but the main difference is the additional functionality in Alt.3’ on MAC CE activation of valid ZP CSI-RS resource(s) to be applied out of RRC configured ZP CSI-RS resources. Merits on Alt.3 and Alt.3’ are its applicability in conjunction with eCA due to using the UE-specific DCI and no impacts on common search space at the expense of increased control channel overhead on UE-specific search space.

In our view, either Alt.1 or Alt.3’ can be down-selected in that both alternatives are concrete in a technical view point. Compared to Alt.3, Alt.3’ has additional flexibility in configuring/activating advanced ZP CSI-RS resources to rate match actual aperiodic CSI-RS transmissions occurred in the cell. Since it is already agreed to have aperiodic NZP CSI-RS activation mechanism, Alt.3’ based ZP CSI-RS activation mechanism can also be similarly applicable to alleviate potential shortage of configurability for Alt.3 where only fixed 2-bit field should be used.
Proposal 1: Regarding enhanced rate matching for eFD-MIMO, down-selection between Alt.1 and Alt.3’ needs to be considered.
3. Conclusion
In this contribution, we discussed remaining details on PDSCH rate matching, based on the conclusion made in the email discussion [86b-11]. Following proposal is given, based on the discussion: 
Proposal 1: Regarding enhanced rate matching for eFD-MIMO, down-selection between Alt.1 and Alt.3’ needs to be considered.
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