3GPP TSG RAN WG1 NR Ad-Hoc Meeting                                                              R1-1700128
Spokane, U.S.A., 16th - 20th January 2017
Source: 	ZTE, ZTE Microelectronics
Title:	On RS and CSI report settings
[bookmark: Source]Agenda Item:	5.1.2.2
Document for:        Discussion and Decision
1. [bookmark: _GoBack]Introduction
In RAN1#87, the following agreement is made on CSI measurement settings [1].
Agreement:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources
· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
In this contribution, we discuss some specific design of RS settings and CSI report settings.
2. Discussion on RS and CSI report settings
2.1 RS and IM settings
Channel and interference measurement for CSI feedback has been discussed in RAN1 for quite long time. The state-of-art channel measurement is based on NZP CSI-RS. On the other hand, several approaches have been discussed in NR on interference measurement. One approach is the legacy IM approach used in LTE, i.e., IM based on ZP CSI-RS. However, some concerns on ZP CSI-RS based IM have been pointed out in [2]-[3], especially for MU-CSI. Specifically, as the real co-scheduled MU paired users may be different with the MU assumption UE makes for CSI calculation, inaccurate MU interference calculation occurs. 
One way to solve the MU interference measurement issue is UE can be configured with multiple MU hypotheses by the network. Then ZP CSI-RS needs to be configured per user per hypothesis, which would lead to quite large ZP CSI-RS overhead. Several methods have been proposed to reduce CSI-RS overhead for MU interference measurement. One method to reduce resource overhead is aperiodic IMR. 
Another potential enhancement to reduce CSI-RS overhead further is sharing resource pool among UEs based on NZP CSI-RS. The paired UEs in the MU hypotheses share a configured NZP CSI-RS resource pool for interference measurement. gNB indicates the particular resource used for IM upon triggering. Then gNB transmits the NZP CSI-RS for all the paired UEs in one shared resource. Moreover, gNB needs to indicate the UEs which particular CSI-RS sequences are used, i.e., cell id and virtual cell id of the CSI-RS sequences. Then the UEs can perform interference estimation based on advanced receivers, e.g., SIC receiver. For the estimation of inter-cell interference, the other gNBs also transmit NZP CSI-RS in this resource, and all the sequences used by the gNBs need to be signaled in order to achieve accurate interference estimation. In addition, for the interference caused by the cells outside the coordinating set, it can be measured by a single ZP CSI-RS resource configured for all the UEs in the set. 
As NZP CSI-RS can also be used for channel measurement, the resource pool of IM can also contain the NZP CSI-RS resource used to do channel measurement for better interference measurement and further resource sharing. gNB indicates the paired UEs which resources in the resource pool are used for channel measurement or interference measurement. UE acquires the CSI for its desired channel based on the channel measurement resource, and then subtract the CSI-RS power w.r.t. the desired channel in the interference measurement resource to obtain the interference power.  Explicit interference channel can be also estimated from NZP CSI-RS.  In addition, it is often required to obtain CSI with different channel and interference hypothesis for CoMP scenario. Sometimes the role between channel and interference can be swapped e.g. in case of DPS/DPB.  In such case, overhead of IMR can be greatly reduced by sharing the NZP-CSI-RS pool for channel and interference measurement.   Hence, to increase the RS efficiency for channel and interference measurement, IM and channel measurement should share the same pool including both NZP and ZP CSI-RS resources. To support efficient resource sharing, IM settings and RS settings should be merged.
Proposal 1: To support efficient resource sharing among CSI-RS resources for interference and channel measurement, IM settings and RS settings should be merged.
2.2 CSI report settings
In CSI report settings, as the design principle is to enabling more flexible CSI report design avoiding dependence on configured transmission schemes, the configuration of some parameters needs to be reformed. We give some specific design on CSI report resource configuration and codebook configuration in this section.
CSI report resource pooling
As multi-beam based MIMO transmission is one of the key technologies to combat high path loss and penetration loss in NR with high frequency, multiple beams should be used by UE for CSI reporting. The beamforming contains both wideband analog beamforming and frequency-selective digital beamforming. The indication of beam used for CSI reporting should be UE specific, and it can be the same indication for beam used for uplink data/control transmission. Compared with LTE, beamformed CSI transmission may cause larger interference. Moreover, gNB needs to use Rx beams which can be paired well with UE Tx beam to have better receiving. Hence gNB needs to allocate the CSI report resources for different UEs appropriately. On the other hand, it has been agreed that periodic, aperiodic and semi-persistent CSI reporting should be all supported for NR CSI reporting. CSI report resource pooling shared by multiple UEs can be considered to support flexible and efficient CSI report resource configuration for these CSI report types. 
Proposal 2: Configuration of CSI report resource pooling should be contained in CSI settings.
The procedure of CSI report resource pooling is depicted in Fig. 1.


Fig.1 CSI report resource pooling
As shown in Fig.1, a resource pool which can be shared among a group of UEs is configured through high layer signaling. Each element of the configured resource pool contains the potential resource used for CSI reporting. Each resource can contain the following parameters:
1) Information on time domain resources, e.g., subframes and OFDM symbols. 
2) Information on frequency domain resources, e.g., RBs and sub-bands. As frequency-selective precoder is applied for OFDM-based uplink, gNB may also need to allocate different RBs or sub-bands to different groups of UEs. This also depends on the design of uplink control channel and data channel.


Fig. 2 Flexible CSI report resource indication
As shown in Fig.2, flexible CSI report resource indication needs to be supported to enable dynamic gNB Rx beam switching. For periodic CSI reporting, gNB is able to configure the resource allocation semi-statically in subframe-level. RRC signaling is enough to carry the subframe-level parameters. Further, since gNB Rx beam can change in symbol-level to adjust to dynamic channel varying, gNB needs to configure symbol-level CSI report resource to UE dynamically based on the configured subframe-level resources. For semi-persistent CSI reporting, as whether CSI reporting appears is based on the semi-persistent activation/deactivation procedure, gNB needs to allocate CSI report resource semi-persistently to adjust Rx beam and eliminate interference. Then CSI report resource allocation based on a shared pool and activation/deactivation with L1/L2 signaling is more suitable for semi-persistent CSI reporting. Similarly, for aperiodic CSI reporting, gNB needs to allocate CSI report resource dynamically to adjust Rx beam at least in subframe-level. Then DCI is required to indicate CSI report resource in the configured pool. Based on the above discussion, we have the following proposal.
Proposal 3: NR should support flexible CSI report resource indication based on CSI report resource pooling.
Flexible codebook configuration with CSR
In LTE, codebook based CSI feedback is built with a set of configured parameters, e.g., codebook dimensions, oversampling factors, codebook config and so on. Except codebook dimensions, other parameters describes how W1 beam group is constructed from the grid of beams. Moreover, the constructed beam group can only be uniformly distributed in the spatial domain. As a matter of fact, this function can be implemented with one parameter, codebook subset restriction (CSR). Moreover, as Type I feedback is more suitable for non-rich scattering scenarios, only a few clusters exist in the wireless channel. Then only a small angular range of the entire space needs to be oversampled with large factor. Based on a baseline grid of beams, CSR can be used to indicate which angular range can be oversampled with larger factor, and which angular range can be quantized with more coarse beams. Hence configuration based on CSR can achieve similar performance as the current parameterized codebook in LTE with lower overhead. Additionally, with CSR, flexible codebook configuration can be more forward compatible. 
Proposal 4: CSR configuration should be contained in CSI settings.
Based on the above discussion, CSR is the essential parameter for codebook configuration. Then the flexibility and signaling overhead for CSR are important metrics in the design of CSI settings. Fig.3 gives a good example of CSR indication with a multi-layer structure. In our companion contribution [4], we give a more specific description on the design of CSR.


Fig. 3 Flexible CSR configuration
Proposal 5: CSR should be used to support flexible codebook configuration in NR.
3. Conclusions
In this contribution, we give some specific design on RS and CSI report settings. Based on the above discussion, we have the following proposals.
Proposal 1: To support efficient resource sharing among CSI-RS resources for interference and channel measurement, IM settings and RS settings should be merged.
Proposal 2: Configuration of CSI report resource pooling should be contained in CSI settings.
Proposal 3: NR should support flexible CSI report resource indication based on CSI report resource pooling.
Proposal 4: CSR configuration should be contained in CSI settings.
Proposal 5: CSR should be used to support flexible codebook configuration in NR.
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