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Introduction
The PDSCH rate matching issue was discussed in RAN1#86bis and was further discussed in an email discussion.  In the email discussion [1], the following conclusions were made with regards to rate matching.
Conclusion:
Following three rate matching alternatives are identified to be down-selected or merged until RAN1#87:
· Alt 1: Common-DCI based
· 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.
· Alt 3: 2-bit UE-specific DCI based
· 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
· Alt.3’: 2-bit UE-specific DCI based with MAC CE activation
· 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 present our views on the above three alternatives related to PDSCH rate matching.  Our views on the collision between EPDCCH and Aperiodic CSI-RS are addressed in the companion contribution [2].
Discussion
Common-DCI based PDSCH Rate Matching
For Alternative-1 where a new common DCI is monitored in the common search space, the control signalling overhead can be significant (which depends on the number X of bits added) due to the limited PDCCH capacity in the common search space and the need to cover the entire cell with a common DCI.  Furthermore, in case of carrier aggregation, a UE may not monitor the common search space on secondary component carriers, and the new common DCI solution proposed in Alternative-1 for PDSCH rate matching proposes to concatenate multiple X-bits in the DCI field.  However, with multiple component carriers, this solution is not desirable as the number of bits added can be large.
[bookmark: _Toc465715152]Dynamically indicating aperiodic ZP CSI-RS by a new common DCI results in increased PDCCH overhead and is not desirable.

On Need for MAC CE Activation
A main difference between Alternative 3 and Alternative 3’ is the inclusion of MAC CE based activation of aperiodic ZP CSI-RS resource configurations in Alternative 3’.  It should be noted that MAC CE based activation for aperiodic NZP CSI-RS was introduced to reduce the number of aperiodic NZP CSI-RS resources a UE needs to measure.  However, in the case of aperiodic ZP CSI-RS, each aperiodic ZP CSI-RS configuration can be used to cover multiple aperiodic NZP CSI-RS configurations.  Hence, 3 states for indicating three different RRC configured aperiodic ZP CSI-RS configurations are sufficient and the need for MAC CE based activation of aperiodic ZP CSI-RS resource configurations are not well motivated. 
In Figure 1, we compare the overhead associated with fully dynamically indicating PDSCH rate matching information to that of the 2-bit dynamic resource indication approach without MAC CE based activation of aperiodic ZP CSI-RS resource configurations.  These results are generated using a FTP traffic model 1 with a packet size of 500 kilobytes and the average number of active UEs per TTI is shown in the abscissa.  The overhead associated with the case when periodic CSI-RS is utilized is also shown for reference.  Two ports per aperiodic CSI-RS is assumed.  From the figure, it is evident that in the high load case, the 2-bit dynamic resource indication approach has an overhead that is within 2-4% of the overhead associated with the fully dynamic resource indication approach.  Hence, even without MAC CE based activation of aperiodic ZP CSI-RS configurations, the dynamic 2-bit resource indication provides an overhead saving that is very close to the fully dynamic resource indication approach.
[bookmark: _Toc465715153]The benefits of MAC CE based activation of aperiodic ZP CSI-RS resource configurations are not well motivated.
[bookmark: _Toc465715154]Even without MAC CE based activation of aperiodic ZP CSI-RS configurations, the dynamic 2-bit resource indication provides an overhead saving that is very close to the fully dynamic resource indication approach.
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[bookmark: _Ref465710128]Figure 1.  Overhead comparison between fully dynamic and dynamic 2-bit resource indication

On Need of Aperiodic ZP CSI-RS for Multi-shot CSI-RS
In alternative 3, a 2-bit dynamic resource indication is adopted.  However, the alternative proposes that the PDSCH rate matching solution applies to both aperiodic CSI-RS and multi-shot CSI-RS.  As per the agreements in RAN1#86, multi-shot CSI-RS is RRC-configured with a Rel-13 periodic CSI-RS-Resource-Config IE [3].  Hence, existing periodic ZP CSI-RS configurations should be used for PDSCH rate matching for multi-shot CSI-RS.  The 2-bit dynamic resource indication hence should only be applicable to aperiodic CSI-RS.
[bookmark: _Toc465715052][bookmark: _Toc465715155][bookmark: _Toc462190353][bookmark: _Toc462605103][bookmark: _Toc462605899][bookmark: _Toc462606882][bookmark: _Toc462607574][bookmark: _Toc462609587][bookmark: _Toc462609636][bookmark: _Toc462616930][bookmark: _Toc462617838][bookmark: _Toc462618161][bookmark: _Toc462619612][bookmark: _Toc463018617][bookmark: _Toc463020369][bookmark: _Toc463053000][bookmark: _Toc465710066]The 2-bit dynamic resource indication of Alternative 3 for PDSCH rate matching should only be applicable to aperiodic CSI-RS.
[bookmark: _Toc465715053][bookmark: _Toc465715156]The existing periodic ZP CSI-RS configurations should be used for PDSCH rate matching for multi-shot CSI-RS.

Conclusions
In this contribution, we present our views on the above three alternatives related to PDSCH rate matching.  Based on the discussion, we made the following observations:
Observation 1	Dynamically indicating aperiodic ZP CSI-RS by a new common DCI results in increased PDCCH overhead and is not desirable.
Observation 2	The benefits of MAC CE based activation of aperiodic ZP CSI-RS resource configurations are not well motivated.
Observation 3	Even without MAC CE based activation of aperiodic ZP CSI-RS configurations, the dynamic 2-bit resource indication provides an overhead saving that is very close to the fully dynamic resource indication approach.

In addition, we propose the following:
Proposal 1	The 2-bit dynamic resource indication of Alternative 3 for PDSCH rate matching should only be applicable to aperiodic CSI-RS.
Proposal 2	The existing periodic ZP CSI-RS configurations should be used for PDSCH rate matching for multi-shot CSI-RS.
[bookmark: _In-sequence_SDU_delivery]
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