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Introduction
[bookmark: OLE_LINK310][bookmark: OLE_LINK311]In previous RAN1 meetings, the following agreements and working assumption have been achieved: 
	Agreements:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· [bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK309]Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 
[bookmark: OLE_LINK304][bookmark: OLE_LINK305]Working assumption:
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded
[bookmark: OLE_LINK299][bookmark: OLE_LINK300]Agreements:
· A UE is configured with resources for PDSCH rate matching
· FFS details
· A UE is configured with resources for PUSCH rate matching
· FFS details


[bookmark: OLE_LINK20][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution we share our views on indication of aperiodic CSI-RS resources for PDSCH rate matching purposes.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK22][bookmark: OLE_LINK21]PDSCH RE mapping should avoid REs occupied by other signals. In LTE, four ZP CSI-RS resources may be configured by higher layers, and one of configured resources is selected by DCI signalling to inform the UE how to perform PDSCH rate matching. Since aperiodic CSI-RS is triggered by DCI has been allowed in NR, it means the appearance of aperiodic CSI-RS should also be indicated via dynamic signalling for PDSCH rate matching. Additionally, since NR supports various types of CSI-RS and multiple CSI-RS which may be transmitted in one slot, resources indicated directly by DCI may lead to large PDCCH overhead. Therefore resources pre-configured by high layers and indicated via dynamic signalling similar to LTE will also be an effective mechanism in NR. 


Figure 1 Illustration of common resource pool for a UE group

[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]According to previous meetings, a pool of CSI-RS resources will be configured to a UE, each resource set for CSI measurement corresponds to different selection from the pool. Configuring a common resource pool to a group of UEs via RRC signalling can be supported in NR. In a UE group, resources configured in each UE’s resource settings should be selected from the common resource pool, as shown in figure 1.
For PDSCH rate matching, all of resources in the pool are rate matching candidates for UEs in the group. As long as resources in the pool appeared in UEs’ DL data scheduled time, data mapping should skip the REs occupied by these resources. The appearance of periodic CSI-RS is pre-configured (e.g. periodicity and subframe offset in LTE) in a pool set by RRC signalling, and the appearance of aperiodic CSI-RS will be indicated by dynamic signaling. In LTE, CSI-RS resources of scheduled UE configured in CSI framework are considered to be default candidates for rate matching, and CSI-RS resource candidates for other UEs for rate matching are configured in the PDSCH RE mapping field. As in the description above, a uniform configuration of CSI-RS resources for CSI measurement and PDSCH rate matching can achieve the purpose in NR.

Proposal 1 Support CSI-RS resources for PDSCH rate matching being configured through the CSI framework.

When aperiodic CSI-RS(s) is/are transmitted in PDSCH, 
· Scheduled UE(s) need to be indicated the REs occupied by aperiodic CSI-RS for rate matching.
· Both scheduled UE(s) and non-scheduled UE(s) need to be indicated whether the aperiodic CSI-RS are triggered.
[bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331]The aperiodic CSI-RS appearance instance should be indicated to multiple UEs, for rate matching purpose or CSI measurement triggering. For example, for NZP CSI-RS based interference measurement, two options were agreed as a working assumption in RAN1 #89 meeting that same resource (scheme 1) or a common resource set (scheme 2) configured to paired UEs enable NZP CSI-RS based MU interference measurement. It should be aperiodic NZP CSI-RS, because UEs assignment for MU-MIMO is a dynamic operation. In both options, the same content indicator should be sent to each of the paired UEs to trigger the measurement. Considering that NR supports up to 12 UEs in MU-MIMO, this indicator sent in each UE’s dedicated DCI may lead to significant overall system control signalling overhead. Additionally, data symbols in the slot which transmitted the NZP CSI-RS may be send to other UE(s) out of the MU interference measurement UEs, there also need to be an indicator to these UEs to perform rate matching around the REs occupied by theses NZP CSI-RS.
[bookmark: OLE_LINK66][bookmark: OLE_LINK65][bookmark: OLE_LINK64]Accordingly, we propose to use an indicator in a group common PDCCH to indicate the aperiodic CSI-RS resources. Different UEs which are configured to read this indicator could perform different actions, such as rate matching or CSI measurement. There may be some reliability considerations of using group common PDCCH, so we should make some clarifications. Firstly, the indicator just indicates the aperiodic CSI-RS resources for a UE group. As mentioned above, a set of aperiodic CSI-RS would be indicated to UE, and one bit of the bitmap in a group common PDCCH can stand for a set of CSI-RS resources which is pre-configured in the CSI-RS resource setting. However, if the number of aperiodic CSI-RS resources is large, according to the agreement of aperiodic CSI-RS signalling option 2 listed in section 1, MAC CE signalling can narrow down the scope of indicator candidates. Secondly, the saved resources from each UE’s dedicated DCI can be utilized to increase the number of repetitions to make the indicator sufficiently robust, which will be more efficient than repeating it in each UE’s dedicated DCI. Since there are some discussions on whether NZP CSI-RS for interference measurement would be treated as RMR (Rate Matching Resource), as described above, we prefer that CSI-RS both for channel measurement or interference measurement should be RMR.

Proposal 2 Use an indicator in a group common PDCCH to indicate aperiodic CSI-RS resources which are pre-configured in a resource pool by higher layers.
Conclusions
In this contribution discussed on the indication of aperiodic CSI-RS resource for PDSCH rate matching. Based on the discussion, the proposals are summarized as follows:
Proposal 1 Support CSI-RS resources for PDSCH rate matching being configured through CSI framework.
Proposal 2 Use an indicator in a group common PDCCH to indicate aperiodic CSI-RS resources which are pre-configured in a resource pool by higher layers. 
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