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Introduction
In RAN1#86, the following agreements were made with regards to rate matching for beamformed CSI-RS.   
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 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 this contribution, we present our views on the above three alternatives related to PDSCH rate matching and the issue of collision between EPDCCH RE and aperiodic CSI-RS.
PDSCH Rate Matching
In RAN1#86, the first step of the aperiodic CSI-RS is agreed as follows:
Aperiodic CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE
· Without Subframe_config
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

In order to improve aperiodic CSI-RS resource efficiency while at the same time reducing average CSI triggering delay (see [1] for details), the K CSI-RS resources without ‘Subframe_config’ need to be dynamically shared among multiple UEs. 
Let us now assume that K’ out of the K aperiodic CSI-RS resources are used to trigger aperiodic CSI-RS transmission to K’ UEs in a cell in a given subframe n.  Then, for those UEs receiving data transmission and not receiving aperiodic CSI-RS in subframe n, one of the approaches for PDSCH rate matching is to dynamically indicate the set of K’ aperiodic CSI-RS resources being used in subframe n.  Then, these UEs can rate match PDSCH around the K’ aperiodic CSI-RS resources being used in subframe n.  One of the disadvantages of this approach is that the number of K’ aperiodic CSI-RS combinations out of the K resources can be large.  The number of K’ aperiodic CSI-RS combinations out of K aperiodic CSI-RS resources for the case of K=8 is given in Table 1.

[bookmark: _Ref462531429]Table 1.  Number of K’ aperiodic CSI-RS combinations out of K=8 aperiodic CSI-RS resources
	Value of K’
	Number of K’ aperiodic CSI-RS combinations = 

	1
	8

	2
	28

	3
	56

	4
	70

	5
	56

	6
	28

	7
	8

	8
	1



Assuming the UE knows K’,  bits are needed to dynamically indicate which K’ out of the K aperiodic CSI-RS resources are being used in subframe n.  For instance, from Table 1, it is seen that the largest number of 70 combinations happens when K’=4.  Hence,  are needed.  If the UE does not know K’, all possible combinations need to be signalled, and a bitmap of 8 bits is needed to fully dynamically indicate which K’ out of the K aperiodic CSI-RS resources are being used in subframe n.  This amounts to a large increase in DCI overhead.

[bookmark: _Toc463052994]To fully dynamically indicate which K’ out of the K aperiodic CSI-RS resources are being used in a given subframe for the purposes of PDSCH rate matching, a bitmap of 8 DCI bits is required.
[bookmark: _Toc463052995]Even when K’ is known with K=8 aperiodic CSI-RS resources, 7 DCI bits are needed which still amounts to a large increase in DCI overhead.
With regards to the alternatives identified in RAN1#86, both Alternatives 1 and 2 will incur such large increase in DCI overhead.
For Alternative-2 where an aperiodic ZP CSI-RS resource signalling field is introduced in DCIs for all TMs, the DCI overhead increase will impact all TMs.  To this end, Alternative-2 is not preferred.
[bookmark: _Toc463052996]Introducing an aperiodic ZP CSI-RS resource signaling field in DCIs for all TMs will result in unwanted increase in DCI overhead.
For Alternative-1 where a new common DCI is monitored in the common search space, the overhead is even more significant due to the limited PDCCH capacity in the common search space and the need to cover the entire cell with a common DCI.  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 may be limited to a subset of component carriers.  
[bookmark: _Toc463052997]Dynamically indicating aperiodic ZP CSI-RS by a new common DCI results in increased number of blind detection attempts in the common search space, PDCCH overhead, and cannot be applied in all cases of carrier aggregation.
For Alternative-3, increasing the number of PQI states for TM10 is undesirable since this will increase the overhead associated with DCI format 2D.  For instance, in the case of K=8 aperiodic NZP CSI-RS resources, identifying the transmitted CSI-RS resource combinations requires 7-8 DCI bits as discussed above. As observed in[2], aperiodic CSI-RS is not suitable for use with CoMP, and so the 2 bits PQI can be used for rate matching.  Therefore, an additional 5-6 bits need to be added to the PQI states to fully dynamically indicate which out of the K aperiodic CSI-RS resources are being used in a given subframe.  
[bookmark: _Toc463052998]Increasing the number of PQI states for TM10 is undesirable for PDSCH rate matching resource indication since it will require an additional 5-6 bits to be added to DCI format 2D payload.
Hence, from our viewpoint, Alternative-3 with reuse of the existing four PQI states for PDSCH rate matching resource indication is more desirable.  However, to fit the PDSCH rate matching resource indication information into the 4 existing PQI states, some simplifications are required.  A simple way is to split the pool of K > 1 aperiodic NZP CSI-RS resources configured into two groups where the first group contains the first  aperiodic NZP CSI-RS resources and the second group contains the last   aperiodic NZP CSI-RS resources.  Then the four existing PQI states can be used to indicate PDSCH rate matching in a given subframe where
· One of the four states indicate no aperiodic CSI-RS transmission on any of the K resources.
· A second state indicates that at least one of the aperiodic CSI-RS resources in the first group is being used for aperiodic CSI-RS transmission.
· A third state indicates that at least one of the aperiodic CSI-RS resources in the second group is being used for aperiodic CSI-RS transmission.
· A fourth state indicates that both groups have at least one aperiodic CSI-RS resource being used for aperiodic CSI-RS transmission. 
If one of the groups is being used for aperiodic CSI-RS transmission, then the UE will rate match PDSCH around the whole group of aperiodic CSI-RS resources.  If both groups are being used for aperiodic CSI-RS transmission, then the UE will rate match PDSCH around the whole pool of K aperiodic CSI-RS resources.  An example of such a dynamic half pool resource indication approach with K=8 is shown in Figure 1.
[image: ]
[bookmark: _Ref462614955]Figure 1.  An example of dynamic half pool resource indication approach with K=8

Overhead Comparison
In this section, we compare the data overhead associated with fully dynamically indicating PDSCH rate matching information to that of the dynamic half pool resource indication approach described in the previous section.  The fully dynamic indication of PDSCH rate matching information corresponds to Alternative-1, Alternative-2, and Alternative-3 with increased number of PQI states.  The dynamic half pool resource indication approach corresponds to Alternative-3 with reusing the existing PQI states.
A comparison of the overhead associated with fully dynamically indicating PDSCH rate matching information to that of dynamic half pool resource indication approach for the case of K=8 is shown in Figure 2.  Note that this use of K=8 is somewhat of an upper bound; the impact of smaller K values on performance is FFS.  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 Figure 2, it is evident that in the high load case (which is where the use of aperiodic CSI-RS provides meaningful overhead savings over the use of periodic CSI-RS), fully dynamic indication of PDSCH rate matching information achieves only about 2-4 % overhead savings over dynamic half pool resource indication for PDSCH rate matching.  The overhead savings of fully dynamic indication of PDSCH rate matching information over the cases of dynamic half pool resource indication and periodic CSI-RS are summarized in Figure 3.


[bookmark: _Ref462616311]Figure 2.  Overhead comparison between fully dynamic and dynamic half pool resource indication


[bookmark: _Ref462617717]Figure 3.  Overhead savings of fully dynamic resource indication
Given the small overhead savings of 2-4 % achieved by fully dynamic resource indication over dynamic half pool resource indication, adding more bits to DCI is not justified.  Hence, we propose that Alternative-3 with the reuse of existing PQI states combined with dynamic half pool resource indication be specified for PDSCH rate matching in Rel-14 eFD-MIMO.
[bookmark: _Toc463052999]Only small overhead savings of 2-4 % are achieved by fully dynamic resource indication over dynamic half pool resource indication for PDSCH rate matching.
[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]If PQI states are used for aperiodic CSI-RS rate matching, existing PQI states combined with dynamic half pool resource indication should be specified for TM10.

Collision between EPDCCH RE and Aperiodic CSI-RS
In RAN1#86, the issue of collision between EPDCCH REs and aperiodic CSI-RS was discussed.  One solution that was discussed is that the EPDCCH REs are punctured when aperiodic CSI-RS is transmitted.   A major drawback with this approach is that the number of REs used for aperiodic CSI-RS depends on the load conditions and the number of active UEs.  Under high load conditions where aperiodic CSI-RS gives the most gains over periodic CSI-RS, the number of REs used for aperiodic CSI-RS could be high.  If EPDCCH is punctured on a large number of REs, the performance of EPDCCH will be significantly degraded.  Hence, we propose that EPDCCH REs should not be punctured when aperiodic CSI-RS is transmitted.
[bookmark: _Toc462619613][bookmark: _Toc463018618][bookmark: _Toc463020370][bookmark: _Toc463053001]EPDCCH REs should not be punctured with aperiodic CSI-RS.

Conclusions
In this contribution, we present our views on the above three alternatives related to PDSCH rate matching and the issue of collision between EPDCCH RE and aperiodic CSI-RS.  Based on the discussion, we made the following observations:
Observation 1	To fully dynamically indicate which K’ out of the K aperiodic CSI-RS resources are being used in a given subframe for the purposes of PDSCH rate matching, a bitmap of 8 DCI bits is required.
Observation 2	Even when K’ is known with K=8 aperiodic CSI-RS resources, 7 DCI bits are needed which still amounts to a large increase in DCI overhead.
Observation 3	Introducing an aperiodic ZP CSI-RS resource signaling field in DCIs for all TMs will result in unwanted increase in DCI overhead.
Observation 4	Dynamically indicating aperiodic ZP CSI-RS by a new common DCI results in increased number of blind detection attempts in the common search space, PDCCH overhead, and cannot be applied in all cases of carrier aggregation.
Observation 5	Increasing the number of PQI states for TM10 is undesirable for PDSCH rate matching resource indication since it will require an additional 5-6 bits to be added to DCI format 2D payload.
Observation 6	Only small overhead savings of 2-4 % are achieved by fully dynamic resource indication over dynamic half pool resource indication for PDSCH rate matching.

Based on the discussion in Sections 2-4, we propose the following:
Proposal 1	If PQI states are used for aperiodic CSI-RS rate matching, existing PQI states combined with dynamic half pool resource indication should be specified for TM10.
Proposal 2	EPDCCH REs should not be punctured with aperiodic CSI-RS.
[bookmark: _In-sequence_SDU_delivery]
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