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1 Introduction
In 3GPP RAN1#86, the following agreements were made for enhancements on beamformed CSI-RS for eFD-MIMO [1]:
Agreement:

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

· Step 2. Activation/release mechanism

· Activate N out of K CSI-RS resources per CSI process
· Note: Activation refers to down selection of N out of K CSI-RS resources
· Once activated, a CSI resource remains activated until released
· FFS: Whether N is always equal to K or the case where K=N is not precluded

· If N is always equal to K, step 2 is bypassed
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)

· Alt1. Using UL grant(s)

· FFS: Support for cross-carrier activation/release

· Alt2. Using MAC CE

· Other alternatives are not precluded

· FFS the values of X and Y, max value of N (or the value of N), how to signal N
· One out of N CSI-RS resources is selected via the UL-related DCI

· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested

· A CSI request is for one CSI-RS resource per CSI process 

· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)

· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources

· Alt2. Introduce additional  bit(s) in DCI

· Note: The number DCI fields and number of code points for the combinations of CSI process, CC, and CSI-RS resource indication are FFS

· Only PUSCH based A-CSI reporting is supported

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· FFS: Whether to CSI reference resource definition needs to change when aperiodic CSI-RS is used or not
· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD

· FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.

In this contribution, we discuss the remaining issues on supporting aperiodic CSI-RS. The activation/release mechanism for aperiodic CSI-RS is discussed in another companion contribution [2].
2 Discussion
Maximum values of N 
In last RAN1 meeting, it was agreed that a two-step NZP CSI-RS resource configuration can be used for aperiodic CSI-RS. In the first step, a set of K CSI-RS resources are configured in one CSI process by RRC signaling. Then in the second step, an activation and release mechanism is used to activate N out of K CSI-RS resources for CSI measurement. The N activated aperiodic CSI-RS composes a resource pool which may be shared by a group of UEs. Therefore, the network can flexibly select 1 out N activated aperiodic CSI-RS for different UEs by using the UL-grant and the selection can be changed subframe by subframe. According to the agreement, the maximum number of aperiodic CSI-RS resources in one CSI process, i.e., maximum value of K can be 8, and the number of activated aperiodic CSI-RS resources in one CSI process, i.e., maximum value of N is FFS. 

It is noted that the motivation for the two-step CSI-RS resource configuration is to reduce UE’s computational efforts for CSI measurement. That is, UE is not required to measure up to 8 aperiodic CSI-RS resources but only a subset resources. Therefore, the maximum value of N shall be smaller than 8 otherwise there is no benefit. On the other hand, the maximum value of N shall also be larger than 1 otherwise the benefit of the CSI-RS resource pool for overhead reduction cannot be achieved.
It can be seen that the maximum value of N would have an impact on the signaling design for indicating the transmission of 1 out N CSI-RS resources. The larger the maximum value of N, the more complex signaling design. Because the number of code points for the combinations of CSI process, CC, and CSI-RS resource indication will significantly increase with the value of N. To simply the signaling design it is preferred to have a fixed value, such as 2. Although a smaller value of N may limit the flexibility of dynamically selecting the CSI-RS resource from the pool, the impact can be overcome by the complimentary CSI-RS activation/release mechanism, e.g., dynamically changing the activated N CSI-RS resources.
Proposal 1: The maximum number of activated aperiodic CSI-RS resources in one CSI process shall be fixed to 2. 

Signaling design for indicating transmission of aperiodic CSI-RS

For aperiodic CSI-RS, it was agreed that 1 out of N pre-configured CSI-RS resources will be selected by the UL-grant for transmission in the same subframe as the UL-grant. For indicating the transmission of 1 out N CSI-RS, the following two alternatives were thus proposed. 

· Alt1. Use code points from an existing DCI field to select 1 out N CSI-RS resources

· Alt2. Introduce additional  bit(s) in DCI

Alt. 1 proposes to reuse the existing field in the UL-grant, such as the 3-bit CS filed and Alt. 2 suggests to add more bits in the UL-grant, such as 1-2 additional bits to A-CSI triggering.  The selection of Alt. 1 and 2 shall consider the total number of the combinations of CSI process, CC, and CSI-RS resource indication. For Alt. 1 using the CSF in the UL-grant, up to 8 combinations of CSI process, CC and CSI-RS resource indication can be supported. It is same as Alt. 2 using the 3-bits A-CSI triggering. However, Alt. 1 introduces some dependency between the CSF and the A-CSI reporting. For example, for triggering CSI reporting for some CSI processes and CCs, only one CSF can be configured. Since the CSF is used to configure the CS and OCC as well as comb values if IFDMA DMRS is supported, the selection of the CSF shall be flexible and independent from the A-CSI reporting. 
Alt. 2 extends the existing A-CSI triggering by including CSI-RS resource indication also in the triggering state. The association between the triggering state and the CSI-RS resource indication can be pre-configured by RRC signaling. The specification impact seems be smaller compared to Alt. 1. Therefore, we prefer to use Alt. 2 for indicating the transmission of 1 out of N aperiodic CSI-RS.
Proposal 2: Adopt Alt. 2 by extending the A-CSI triggering field to include the CSI-RS resource indication. FFS on total number of A-CSI triggering bits.
CSI relaxation for aperiodic CSI-RS
Different from the conventional periodic CSI-RS, aperiodic CSI-RS can be presented in every DL subframe. It is also possible that the valid aperiodic CSI-RS for CSI reporting can be different subframe by subframe in terms of #antenna ports, RE location and power ratio. Therefore, the UE needs to compute the CSI for aperiodic CSI-RS in every DL subframe in the worst case. The CSI measurement complexity would be five times higher than that of periodic CSI-RS. Therefore CSI processing relaxation shall be considered to alleviate UE’s computational complexity.
There could be different ways to relax CSI processing for aperiodic CSI-RS. For example, aperiodic CSI-RS cannot be configured for CSI reporting more than once in any 5ms periodicity. In such case, UE is only requested to report CSI for aperiodic CSI-RS one time in a 5ms duration. However, this approach may impose some restrictions on the eNB. A solution is to allow aperiodic CSI-RS presented many times in a 5ms periodicity, but the UE is not required to update the CSI for each aperiodic CSI-RS, e.g., reporting an outdated CQI if a refresh CQI has been reported within a 5ms duration. 

Another possible relaxation is to allow different UE’s capability for the maximum number of fresh CSI processes for one CSI triggering for aperiodic CSI-RS. More specifically, the maximum number of fresh CSI processes for aperiodic CSI-RS can be smaller than that of periodic CSI-RS. The benefit is to provide flexibility for UE to support aperiodic CSI-RS since CSI measurement complexity for aperiodic CSI-RS is much higher than that of periodic CSI-RS.

Proposal 3: CSI processing relaxation shall be considered for aperiodic CSI-RS to alleviate CSI measurement complexity.
Rate matching for aperiodic CSI-RS 
The following three alternatives were proposed for rate matching enhancements for supporting aperiodic CSI-RS. 

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

· Alternative-2: 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
For Alt. 1 and 2, aperiodic ZP CSI-RS is introduced and used to indicate the rate matching pattern. The difference between Alt. 1 and 2 is whether to use a common DCI or dedicated DCI to indicate the aperiodic ZP CSI-RS. This would have an impact on EPDCCH performance. 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 due to the presence of aperiodic NZP CSI-RS. However, Alt. 1 introduces unnecessary coupling between PDCCH and EPDCCH decoding. The performance of EPDCCH may be affected by the PDCCH decoding. Secondly, the use of the common DCI may not be supported in every DL subframe due to limited common search space. If the common search space is used also to transmit other grants for common control, such as grants for SIB, paging and RAR, there could be no space to transmit the common DCI for indicating the rate matching pattern. Thirdly, 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 aperiodic ZP CSI-RS indication 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 aperiodic CSI-RS in all the 32 CCs. For Alt. 2 there is no such issue since the indication of aperiodic CSI-RS is via dedicated DCI per CC.
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 aperiodic ZP CSI-RS indication in DL grants for all TMs to enhance the flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 
QCL with aperiodic CSI-RS 
For QCL indication on DMRS port to aperiodic NZP CSI-RS, the following two alternatives were proposed in the last RAN1 meeting. The difference is on whether aperiodic NZP CSI-RS resource can be used for QCL purpose with DMRS. Since the presence of aperiodic CSI-RS is dynamically indicated by the UL-grant, it would be difficult to have accurate estimation of the long-term channel parameters such as Doppler spread and shift, average channel gain, and delay spread based on the one-shot measurement. Therefore, it is preferred not to use the aperiodic NZP CSI-RS for QCL purpose with DMRS. The legacy periodic NZP CSI-RS shall be reused and indicated in PQI for QCL purpose.
· Alt 1: UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.
· Alt 2: aperiodic and/or multi-shot NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption

· Periodic NZP CSI-RS can also be indicated for QCL purpose

Proposal 5: Aperiodic NZP CSI-RS resource shall not be indicated in PQI for QCL purpose with DMRS. 

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

Proposal 1: The maximum number of activated aperiodic CSI-RS resources in one CSI process shall be fixed to 2. 

Proposal 2: Adopt Alt. 2 by extending the A-CSI triggering field to include the CSI-RS resource indication. FFS on total number of A-CSI triggering bits.

Proposal 3: CSI processing relaxation shall be considered for aperiodic CSI-RS to alleviate CSI measurement complexity.

Proposal 4: Adopt Alt. 2 by introducing aperiodic ZP CSI-RS indication in DL grants for all TMs to enhance the flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 

Proposal 5: Aperiodic NZP CSI-RS resource shall not be indicated in PQI for QCL purpose with DMRS. 
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