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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 (highlighted) were made regarding the collision issue between EPDCCH and aperiodic NZP CSI-RS:
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 collision between EPDCCH and Aperiodic CSI-RS.
  
 
Collision Avoidance Schemes
[bookmark: _Ref465938971]UE aware EPDCCH Puncturing
As discussed during previous meetings, Puncturing of EPDCCH without informing the UE (transparent puncturing) is a costly solution in terms of performance degradation. A second way to solve the collision issue is that a ZP CSI-RS is specifically configured for EPDCCH, where the ZP CSI-RS configuration covers the REs that could potentially be used for aperiodic CSI-RS transmission (referred to as aperiodic ZP CSI-RS in Alt 3’ of email discussion [1]).  When the UE decodes EPDCCH, the UE assumes that the EPDCCH is punctured on the REs contained in the ZP CSI-RS specifically configured for EPDCCH in every subframe.
The drawback with this approach is that an additional ZP CSI-RS configuration (that is specifically used for puncturing purposes with EPDCCH) must be signaled to the UE.  If the AP NZP CSI-RS resource pool changes or different resources in the pool are activated/deactivated, then the AP ZP CSI-RS configuration also needs to be changed via RRC configuration.  Additionally, if EPDCCH indicates an aperiodic CSI-RS transmission is present in the subframe then REs covered by the EPDCCH-specific ZP CSI-RS configuration can also contain Aperiodic CSI-RS.  This complicates the UE processing as it is generally desirable to indicate to the UE a ZP CSI-RS configuration that it uses to rate match all channels (including EPDCCH and PDSCH).  Furthermore, it should be noted that ZP CSI-RS is generally used as a rate matching tool rather than a way to signal puncturing.
In this solution, EPDCCH REs are assumed to be punctured when they collide with the ZP CSI-RS configuration specific to EPDCCH.  The UE is aware of the ZP CSI-RS presence and decodes the EPDCCH with the ZP CSI RS REs treated as erasures.  Performance-wise, the number of UEs requiring aperiodic NZP CSI-RS transmission will drive the cost of the solution.  The presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission will make the EPDCCH decoding increasingly costly and error prone as more and more of the EPDCCH REs gets punctured.  The link level results presented in [2] confirm that EPDCCH performance suffers losses of 1-3 dB when aperiodic CSI-RS uses a total of 32 ports.

Observation 1: UE aware EPDCCH puncturing with aperiodic ZP CSI-RS configuration that is specific to EPDCCH (i.e., Alt 3’) has the following drawbacks:
· An additional aperiodic ZP CSI-RS configuration that is specific to EPDCCH has to be higher layer configured to the UE
· The solution deviates from general usage of ZP CSI-RS as a rate matching and instead uses ZP CSI-RS for puncturing
· In the presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission, the EPDCCH decoding becomes increasingly costly and error prone as more and more of the EPDCCH REs gets punctured.

[bookmark: _Ref465951917]Common DCI based EPDCCH puncturing
In this solution (EPDCCH solution in Alt 1 of email discussion [1]), a common DCI message is carried by PDCCH to first signal to the UE the location of aperiodic ZP CSI-RS which is used for puncturing purposes for EPDCCH.  When the UE decodes EPDCCH, the UE assumes that the EPDCCH is punctured on the REs contained in the aperiodic ZP CSI-RS that is signaled via common DCI.  This scheme offers a bit more flexibility compared to the solution in Section 2.1 in that the UE does not have to puncture EPDCCH REs that collide with the ZP CSI-RS REs in every subframe.  However, one drawback with this scheme is that it relies on the successful decoding of the common DCI message at the UEs to know the presence of the aperiodic ZP CSI-RS REs.  If the common DCI message is not successfully decoded, then the EPDCCH performance could still suffer from collisions with aperiodic CSI-RS RE.  Furthermore, having to decode one PDCCH and one EPDCCH makes this scheme more complex and indicating the presence of aperiodic ZP CSI-RS in common DCI results in increased PDCCH overhead.
With regards to EPDCCH performance, this scheme has a similar disadvantage to the scheme in Scheme 2.1.  That is, the presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission will make the EPDCCH decoding increasingly costly and error prone as more and more of the EPDCCH REs gets punctured.

Observation 2: Common DCI based EPDCCH puncturing scheme (i.e., Alt 1) has the following drawbacks:
· If the common DCI message is not successfully decoded, then the EPDCCH performance could still suffer from collisions with aperiodic CSI-RS RE
· Indicating the presence of aperiodic ZP CSI-RS in common DCI results in increased PDCCH overhead
· In the presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission, the EPDCCH decoding becomes increasingly costly and error prone as more and more of the EPDCCH REs gets punctured

Implementation based Scheme
As previously stated, EPDCCH puncturing-based collision avoidance comes with several drawbacks. Therefore, whether collision between EPDCCH REs and aperiodic CSI-RS REs can be avoided via implementation should also be investigated.  The following three implementation based schemes can be considered to solve the potential collision between EPDCCH and aperiodic CSI-RS:

1) Configure aperiodic NZP CSI-RS with reduced density and allocate the PRBs without aperiodic NZP CSI-RS for EPDCCH
2) Configure the UE to monitor EPDDCH in certain subframes via RRC configuration
3) Increase the aggregation level of EPDCCH

It should be noted that the first two approaches can be used to minimize collision between EPDCCH and aperiodic CSI-RS, while the third one allows for a higher number of ECCEs to be transmitted and thus improves reliability.  Hence, we make the following proposal:

Proposal 1: Discuss if the collision between EPDCCH and aperiodic NZP CSI-RS can be controlled via a combination of the following implementation based schemes:
· Configuring aperiodic NZP CSI-RS with reduced density and allocate the PRBs without aperiodic NZP CSI-RS for EPDCCH
· Configuring the UE to monitor EPDDCH in certain subframes via RRC configuration
· Increasing the aggregation level of EPDCCH

Enhancement with Low Specification Impact

If it is found that the collision between EPDCCH and aperiodic NZP CSI-RS cannot be sufficiently controlled via a combination of the implementation approaches mentioned above, then a simple enhancement with low specification impact is desirable.  In Section 6.10.5.2 of 3GPP TS 36.211 [3], the conditions where a UE shall assume that CSI-RS are not transmitted are listed as follows:


The UE shall assume that CSI reference signals are not transmitted
-	in the DwPTS for special subframe configuration 0, 5 and 9 for normal cyclic prefix and special subframe configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2, 
-	in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure type 3,
-	in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type 3, 
-	in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3,
-	in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,
-	in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 

Hence, one very simple solution to avoid collision between EPDCCH and aperiodic CSI-RS is to add another condition to the above list.  For instance, when the UE is configured with aperiodic CSI-RS, the UE shall assume that aperiodic CSI-RS are not transmitted in PRBs belonging to the EPDCCH set(s) configured to the UE in a subframe.   The eNB can transmits aperiodic CSI-RS in PRBs outside the EPDCCH set configured to the UE, and the UE can perform channel measurements on those PRBs outside the EPDCCH set.
With this simple solution, the collision between EPDCCH and aperiodic CSI-RS can be avoided and the performance of EPDCCH is not affected when aperiodic CSI-RS are transmitted in the same subframe.  Note that the performance loss to channel estimation on aperiodic CSI-RS with this scheme will be minimal due to the channel hardening effect associated with beamformed CSI-RS.  Furthermore, the proposed scheme alleviates the drawbacks associated with the schemes in Sections 2.1 and 2.2.

Proposal 2: If needed, specify a simple enhancement where the UE shall assume that aperiodic CSI-RS are not transmitted in PRBs belonging to the EPDCCH set(s) configured to the UE in a subframe.
  
Conclusion
This contribution discusses the avoidance of collision between EPDCCH and aperiodic CSI-RS. The following observation and proposals were given:
Observation 1: UE aware EPDCCH puncturing with aperiodic ZP CSI-RS configuration that is specific to EPDCCH (i.e., Alt 3’) has the following drawbacks:
· An additional aperiodic ZP CSI-RS configuration that is specific to EPDCCH has to be higher layer configured to the UE
· The solution deviates from general usage of ZP CSI-RS as a rate matching and instead uses ZP CSI-RS for puncturing
· In the presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission, the EPDCCH decoding becomes increasingly costly and error prone as more and more of the EPDCCH REs gets punctured.

Observation 2: Common DCI based EPDCCH puncturing scheme (i.e., Alt 1) has the following drawbacks:
· If the common DCI message is not successfully decoded, then the EPDCCH performance could still suffer from collisions with aperiodic CSI-RS RE
· Indicating the presence of aperiodic ZP CSI-RS in common DCI results in increased PDCCH overhead
· In the presence of a large number of UEs requiring aperiodic NZP CSI-RS transmission, the EPDCCH decoding becomes increasingly costly and error prone as more and more of the EPDCCH REs gets punctured

Proposal 1: Discuss if the collision between EPDCCH and aperiodic NZP CSI-RS can be controlled via a combination of the following implementation based schemes:
· Configuring aperiodic NZP CSI-RS with reduced density and allocate the PRBs without aperiodic NZP CSI-RS for EPDCCH
· [bookmark: _GoBack]Configuring the UE to monitor EPDDCH in certain subframes via RRC configuration
· Increasing the aggregation level of EPDCCH

Proposal 2: If needed, specify a simple enhancement where the UE shall assume that aperiodic CSI-RS are not transmitted in PRBs belonging to the EPDCCH set(s) configured to the UE in a subframe.
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