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Introduction
At the last meeting, there were some discussions on CSI-RS design for NR [1]. In this contribution, we present remaining details on CSI-RS. Some of the remaining issues were identified in the e-mail discussion before the #92bis meeting as follows.
1. How to distinguish row #6 and #7 in Table 7.4.1.5.3-1 in 211, given that they have the same number of ports, density, CDM type, and also signaling format for frequency/time indication?
1. What is the reference point for the initial RB index contained in CSI-RS-FreqBand in subclause 5.2.2.3.1 of 214? 
a)         If PRB0 of associated BWP is used and the BWP does not start at multiple of 4RB, there can be misalignment between CSI-RS resource and reporting subband.
1. Whether and how to support CSI-IM with 1-slot periodicity?
Discussion
Differenciation between row #6 and #7
In the last meeting there was a joint discussion between RAN1 and RAN2 regarding CSI design. We’ve reached the consensus concerning differentiation between rows #6 and #7 for the table on CSI-RS mapping. The latest RAN2 specification captures followings.
For the choice "other", the row can be determined from the parmeters below and from the number of bits set to 1 in frequencyDomainAllocation.

Based on this rule, UE assumes mapping in row #6, if there are four “1s” in the bit string of frequencyDomainAllocation, while assumes mapping in row #7, if there are two “1s”. Thus, no further discussion is needed for this issue.
Observation 1: No further discussion is needed regarding differentiation between rows #6 and #7 for the table on CSI-RS mapping. 
Reference point for the initial RB index
Followings are descriptions on CSI-RS-FreqBand, which identifies initial RB index and bandwidth for CSI-RS, and the definition of subband size. 
(TS38.214 Sec. 5.2.2.3.1) CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].





(TS38.214 Sec. 5.2.1.4) The first subband size is given by  and the last subband size given by  if  and  if 

If PRB0 of associated BWP is used and the BWP does not start at multiple of 4RB, there can be misalignment between CSI-RS resource and reporting subband. However, considering contiguous band assignment for CSI-RS, all the subbands other than the edges can be fully covered by CSI-RS bandwidth. It may not be necessary to change CSI-RS-FreqBand definitions captured above. Instead, It may be possible to discuss definition of subband CSI for edges, if necessary.
Observation 2: Definition of CSI-RS-FreqBand does not need to be changed.
Activation timing of semi-persistent CSI-RS
NR supports semi-persistent CSI-RS for efficient CSI acquisition. Figs. 1 show time-domain behavior on activation/deactivation of SP-CSI-RS for SP-CSI on PUCCH and SP-CSI on PUSCH, respectively. Transmission timing of SP-CSI-RS is reserved with an RRC parameter of CSI-RS-timeConfig in terms of periodicity and slot offset. However, we haven’t specified the exact timing from when the activation/deactivation signaling is valid. This situation should be resolved in order to avoid ambiguity on rate matching and CSI reporting at a UE. Hence, we propose to define exact timing when the SP-CSI-RS activation/deactivation is valid that can be defined as some of the D1, D2 and D3 in the figure. For Fig 1 (a), we consider two different options to define activation/deactivation delay based on MAC CE triggering and ACK for the MAC CE. On the other hand, for Fig. 1 (b), we have to refer the design of A-CSI-RS triggering, in which A-CSI-RS can be transmitted with transmission offset D3 of zero slot. Thus, it is straightforward that we support SP-CSI-RS timing offset (D3) of zero.

[image: ]
   (a) SP-CSI-RS triggering for SP-CSI on PUCCH            (b) SP-CSI-RS triggering for SP-CSI on PUSCH
Figures 1: Triggering mechanism of SP-CSI-RS

Proposal 1: UE assumes that MAC CE activation/deactivation trigger for SP-CSI-RS is effective with the delay of D slots.
· Timing offset D is defined with relative to either of MAC CE triggering or ACK for the MAC CE.
· FFS: Value of D (up to RAN2)
Proposal 2: UE supports timing offset between DCI triggering and corresponding SP-CSI-RS transmission with zero slot, i.e., the DCI triggering and SP-CSI-RS is in the same slot.

Multiple CSI-RS resource sets with repetition ON
Followings are agreements in details of CSI-RS resource configuration for beam management procedure P1, P2 and P3. 
Agreement:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Single resource set with repetition = “OFF”
UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback
Single resource set with repetition = “ON”
UE does not report CRI
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
(b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
Note: Not all configurations are applicable for P1/P2/P3
FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)

With the current design, P1 procedure can be achieved by applying multiple P2 procedures. More specifically, multiple CSI-RS resource sets with repetition of OFF are configured, in which the number of CSI-RS resource sets is set to the number of Rx candidate beams. Then gNB can determine the best BPL based on the multiple CRIs and RSRPs obtained from P2 procedures. This method seems achieve basic P1 procedure, although it is not fully optimized in terms of UE feedback overhead, multiple CRI feedback across different P2 procedures, etc. Further enhancement can be discussed in Rel. 16, if necessary.
Proposal 3: In Rel-15, P1 procedure should be achieved with multiple P2 procedures.
Summary
In this contribution, we presented proposed modification on CSI-RS. We have following proposal and text proposal are captured in the appendix.
Observation 1: No further discussion is needed regarding differentiation between rows #6 and #7 for the table on CSI-RS mapping. 
Observation 2: Definition of CSI-RS-FreqBand does not need to be changed.
Proposal 1: UE assumes that MAC CE activation/deactivation trigger for SP-CSI-RS is effective with the delay of D slots.
· Timing offset D is defined with relative to either of MAC CE triggering or ACK for the MAC CE.
· FFS: Value of D (up to RAN2)
Proposal 2: UE supports timing offset between DCI triggering and corresponding SP-CSI-RS transmission with zero slot, i.e., the DCI triggering and SP-CSI-RS is in the same slot.
Proposal 3: In Rel-15, P1 procedure should be achieved with multiple P2 procedures.
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