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1 Introduction
In 3GPP RAN1#86bis, the following agreements were made for enhancements on beamformed CSI-RS for eFD-MIMO [1]:
Agreements:
· For activation/release mechanism:

· MAC CE is used to signal the choice of N out of K RRC-configured CSI-RS resources

· The value of N is configurable via higher-layer signalling and upper bounded by a UE capability parameter Nmax

· Nmax for aperiodic and multi-shot periodic CSI-RS can be different.

· When K ≤ 2, N=K; else (when K > 2) N = {1, 2, …, min(4,K)}

· Note: If the above value of N exceeds Nmax, N = Nmax is used instead.

· Note: Activation/release mechanism is skipped for aperiodic CSI-RS when  K = 1 or N
· The above MAC-CE-based activation/release mechanism is used for both aperiodic and “multi-shot” CSI-RS.

In this contribution, we further discuss the remaining issues on supporting aperiodic CSI-RS.
2 Discussion
MAC CE based activation/release mechanism 
For MAC CE based activation/release mechanism, there was some discussion about the minimum time interval between the activation/release command and CSI-RS transmission. Two options were proposed, one is 4ms and the other is 8ms. It is noted that the 4ms time interval is based on the timing requirement of the existing SCell activation/release. Therefore, it seems straightforward to reuse the same value for aperiodic CSI-RS activation/release. However, there are some differences between Scell activation/release and aperiodic CSI-RS activation/release. 

For aperiodic CSI-RS activation/release, the activated N CSI-RS resources may be different from the previously activated N CSI-RS resources in terms of the number of antenna ports and codebook configuration. It is noted that different number of antenna ports will have an impact on the bitwidth of the RI and also the PMI payload. If the eNB and UE are not aligned with the activated N CSI-RS resources possibly due to UE missing detection of the MAC CE for activation/release, the eNB will not correctly decode the UCI multiplexed on PUSCH as well as PUSCH data. However, if the eNB could firstly receive the acknowledgement for the MAC CE before receiving the UCI which is based on the new activated CSI-RS resources, the eNB could know the correct CSI payload size and thus decode the UCI and PUSCH data correctly. Therefore, the minimum time interval between the activation/release and the CSI-RS transmission shall ensure the acknowledgement for the MAC CE is received before the UCI.
It is noted that the transmission of the acknowledgement for the MAC CE and the UCI on PUSCH are determined by two different timing. One is DL HARQ-ACK timing and the other is UL scheduling timing. In some cases, the two timing could have different values, such as in FDD/TDD CA. Figure 1 illustrates such an example. The MAC CE for CSI-RS activation/release is transmitted on subframe 0 in TDD PCell and the associated ACK/NACK is then feedback on subframe 2 of the next frame. If the new aperiodic CSI-RS is transmitted in subframe 4, e.g., 4ms after the MAC CE, then the associated UCI is reported on subframe 8 according to FDD UL schedule timing. It can be seen that the eNB will firstly receive the UCI for the new aperiodic CSI-RS. If UE does not receive the MAC CE correctly, the payload of the transmitted UCI on subframe 8 is not different from eNB’s assumption and therefore the eNB will fail to decode the UCI and PUSCH on subframe 8. If the minimum time interval is 8ms, e.g., new aperiodic CSI-RS transmitted at the earliest subframe 8 then the UCI for the new aperiodic CSI-RS is transmitted on the same subframe as the acknowledgement for MAC CE. Therefore eNB can know the payload of the UCI by firstly decoding the acknowledgement for the MAC CE.
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Figure 1: Example of timing relationship between MAC CE and CSI-RS transmission
It is noted also that a long time interval is also beneficial for UE processing so that UE could have more time to prepare for CSI measurement for the new activated N CSI-RS resources. Therefore we prefer to support 8ms as the minimum time interval between the MAC CE and CSI-RS transmission.

Proposal 1: X=Y=8ms for MAC CE based activation/release mechanism. 

As discussed in [2] it is preferred that the activation/release mechanism shall support cross-carrier CSI-RS activation/release. This means that the MAC CE sent by one serving cell can be used to activate/release the aperiodic CSI-RS for other serving cells. This could provide sufficient flexibility for the network to activate the CSI-RS for a given serving cell without firstly transmitting DL data. 

Proposal 2: Cross carrier CSI-RS activation/release shall be supported by the MAC CE based mechanism.

 Aperiodic CSI-RS selection by DCI
For aperiodic CSI-RS selection, three alternatives were proposed in last RAN1 meeting. According to [86b-12] email discussion it was agreed to down-selection from three alternatives in RAN1#87. 
· Alt1. Reuse A-CSI request field and add more bit(s) if necessary
· Alt2. Reuse CS field
· Alt3. Introduce a new DCI field with X additional bits
For these alternatives, Alt. 2 has a benefit to maintain the existing DCI overhead, but same as Alt. 3 it cannot efficiently support cross-carrier aperiodic CSI-RS selection since it is assumed that the same aperiodic CSI-RS index is selected for all the serving cells with aperiodic CSI-RS. This constraint is unnecessary. The usage of the same aperiodic CSI-RS resource index for all the CCs will limit the benefits of aperiodic CSI-RS and potentially increase the collision probability. 
Alt. 1 could improve this by higher layer configuring the association of CSI-RS resource selection and triggering state. It is based on the extension of Rel-13 principle for CSI subframe set selection for CSI reporting. It shall be noted that Alt. 1 can fallback to Alt. 2 and 3, e.g., allowing to use the same resource index for all the CCs via proper configuration of the association table. The additional DCI overhead is same as Alt. 3.  

Proposal 3: Use A-CSI request field for aperiodic CSI-RS resource selection. For N=4, additional 2 bits are added to UL DCI mapped to UE specific search space given by CRNTI.

Rate matching for aperiodic CSI-RS 
The following three alternatives were proposed for rate matching enhancements for supporting aperiodic CSI-RS according to [86b-11]. 

· Alt-1: Aperiodic ZP CSI-RS is dynamically indicated by a new common DCI.

· Alt-2: Aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.
· Alt-3: Aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs with MAC CE activation
It can be seen that the key differences are whether to use a common DCI or dedicated DCI to indicate the AP-ZP-CSI-RS and whether to allow to use MAC CE to dynamically update the AP-ZP-CSI-RS for rate matching indication. For Alt. 1, the knowledge of aperiodic ZP CSI-RS received from the common DCI can be used to improve EPDCCH decoding since UE can know the puncturing pattern for EPDCCH after knowing the presence of AP ZP CSI-RS. However, Alt. 1 introduces unnecessary coupling between PDCCH and EPDCCH decoding. The performance of EPDCCH is affected by PDCCH decoding. Secondly, common DCI for rate matching indication may not be supported in every DL subframe due to limited common search space. For example, in some subframes there is no sufficient space for common DCI when other common messages are transmitted, such as grants for SIB, paging and RAR. Additionally, if aperiodic CSI-RS is configured on multiple serving cells, then the common DCI shall include the indication of rate matching pattern for all the CCs. Assuming 2-bits field for each CC the maximum payload size would be 64 bits for 32 CCs. However, as seen form Table 1 below, the maximum payload size for DCI format 1A/1C is only 29 and 15 bits for 20MHz bandwidths. Therefore, the common DCI based solution cannot support eCA with up to 32 CCs. For UE specific DCI based solution, e.g., Alt. 2 and 3, there is no such issue since the UE specific DCI is transmitted per serving cell. For Alt 3, there is a concern on the reliability on the MAC CE. If UE does not correctly receive the MAC CE then UE may use wrong AP ZP CSI-RS for rate matching. 
Table 1: DCI Format 1A/1C payload size excluding 16-bits CRC
	
	20MHz
	15MHz
	10MHz
	5MHz
	3MHz
	1.4MHz

	Format 1A
	29
	27
	27
	25
	22
	21

	Format 1C
	15
	14
	13
	12
	10
	8


Proposal 4: Adopt Alt. 2 by introducing 2 bits aperiodic ZP CSI-RS indication in UE specific DCI for all TMs to enhance PDSCH rate matching. 
QCL with aperiodic CSI-RS 
For QCL with aperiodic NZP CSI-RS, the following conclusion was achieved by [86b-10]. 

Conclusion:

· For QCL indication on DMRS to AP-NZP CSI-RS, until RAN1#87 decide first in TM10 whether AP NZP CSI-RS can be configured with UEs configured with QCL Type B. Note aperiodic NZP CSIRS can be configured with UEs configured with QCL Type A. For UEs configured with QCL Type B (if supported), down-select between

· Alt.1: UE is not expected that aperiodic NZP CSIRS is indicated in PQI for QCL purpose with DMRS

· Alt.2: Aperiodic NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption.
Therefore, the question is whether to support aperiodic CSI-RS in CoMP scenario. It is noted that the aperiodic CSI-RS is generally UE specific used for channel measurement for a single TP. Extending aperiodic CSI-RS to multiple CoMP serving cells to enhance channel measurement seems more challenging for inter-cell coordination when periodic IMR is used for interference measurement. Since now interference measurement shall be on more frequently due to aperiodic channel measurement and CSI feedback. Therefore, it is not clear why QCL Type B shall be defined for aperiodic CSI-RS.

Proposal 5: Aperiodic NZP CSI-RS resource cannot be configured with UEs configured with QCL Type B. 

3 Conclusions
In summary, we discuss the remaining issues for supporting aperiodic CSI-RS. We have the following proposals:

Proposal 1: X=Y=8ms for MAC CE based activation/release mechanism. 

Proposal 2: Cross carrier CSI-RS activation/release shall be supported by the MAC CE based mechanism.

Proposal 3: Use A-CSI request field for aperiodic CSI-RS resource selection. For N=4, additional 2 bits are added to UL DCI mapped to UE specific search space given by CRNTI.

Proposal 4: Adopt Alt. 2 by introducing 2 bits aperiodic ZP CSI-RS indication in UE specific DCI for all TMs to enhance PDSCH rate matching. 
Proposal 5: Aperiodic NZP CSI-RS resource cannot be configured with UEs configured with QCL Type B. 
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