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Background
The following agreements were made in Rel.16 for NR-eMIMO, compared side-by-side with the associated description from the current version of TS 38.214 V16.1.0 [1]:
	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Note: CSI-RS above is CSI-RS for BM

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
1. CMR and IMR are 1-to-1 mapped from signaling perspective
	5.2.1.2	Resource settings
...
The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'QCL-TypeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'.
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
...
-	…
…



It was agreed that when the UE is configured with a dedicated IMR, either ZP (zero power) IMR or NZP IMR can be configured. A working assumption for using a mixture between ZP- and NZP-IMR is yet to be confirmed. In TS 38.214:
1. ZP-IMR in the agreement corresponds to “CSI-IM” (cf. TS 38.214 section 5.2.1.2, 5.2.2.4 [1])
2. NZP-IMR in the agreement corresponds to “NZP CSI-RS resource for interference measurement” (TS 38.214 section 5.2.1.2, 5.2.2.3.1 [1], TS 38.211 section 7.4.1.5 [2])
Here, ZP implies that the UE assumes that there is no transmission on the REs associated with the CSI-IM from the serving gNB. While the 2nd correspondence (on NZP-IMR) fully reflects the agreement, the 1st correspondence (on ZP-IMR) does not seem so at least for the following reason. 
· That CSI-IM is always ZP (where the UE assumes that there is no transmission on the REs associated with the CSI-IM from the serving gNB) is absent in NR, at least from RAN1 perspective. This implies that it is possible for the network to transmit some signal on the REs associated with the CSI-IM from the serving gNB. 
· In addition, this signal is practically unknown to the UE. Therefore, the UE behaviour (as far as implementation is concerned) is unclear. To be precise, although assuming that the REs occupied by the CSI-IM as “blank” (relative to the serving gNB) seems to be the most (if not, only) natural for the UE, the impact on measurement accuracy is unclear if the REs turn out to be NZP. 

IMR for L1-SINR calculation
Two pertinent scenarios for interference measurement are discussed to demonstrate the inconsistencies between the current specification and the agreements. 

1.1 Scenario 1: Interference measurement for L1-SINR
1 
2 
L1-SINR was introduced in Rel.16 with interference measurement based on Rel.15. It supports at least three options for L1-SINR calculation (TS 38.214 sec 5.2.1.2):
· Opt1. Interference measurement based on NZP CSI-RS configured for channel measurement (CMR), 3 RE/RB 1-port
· Opt2. Interference measurement based on NZP CSI-RS configured for interference measurement (IMR), 3 RE/RB 1-port
· Opt3. Interference measurement based on CSI-IM
For Opt1 and Opt2, the UE needs to “pre-cancel” desired/channel signal in order to measure interference. For Opt3, if no signal is transmitted on CSI-IM (“zero power”) from the serving gNB, the UE can simply measure the interference without pre-cancellation. In this sense, Opt3 can offer a simpler and more accurate option for interference measurement over Opt1 and Opt2 only if the “zero power” constraint holds and can be assumed by the UE. Else, the benefit of CSI-IM over NZP CSI-RS is unclear. Note that CSI-IM occupies 4 RE/RB, i.e. at least 33% more overhead over NZP CSI-RS (with 3 RE/RB RE density). 

Observation: With “zero power” constraint, configuring the UE with CSI-IM as a dedicated IMR facilitates simpler and more accurate interference measurement compared to NZP CSI-RS. Otherwise, CSI-IM would simply incur more overhead than NZP CSI-RS.   
 
1.2 Scenario 2: Interference emulation for L1-SINR
3 
4 
As discussed in various occasions, interference emulation is pertinent mainly for DL multi-TRP/panel transmission where the interference from a transmitting TRP/panel is singled out and measured at a UE with a different serving TRP/panel. This scenario can be illustrated in Figure 1 for two-TRP scenario. Here, TRP X is the interfering TRP and TRP Y is the serving TRP. One NZP CSI-RS resource (x) associated with TRP X is configured to emulate interference from TRP X.       
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For Opt A, the UE measures the emulated interference in the presence of ‘signal y’ from the serving TRP Y. To accurately estimate the interference, the ‘signal y’ is to be subtracted/removed. If the ‘signal y’ is known (e.g. RS sequence, PSS, SSS), it can be regenerated once channel estimation is completed and then subtracted from the received signal before measuring the emulated interference. If the ‘signal y’ is unknown (e.g. data, control), demodulation/decoding and re-encoding/modulation are to be performed before ‘signal y’ can be regenerated and subtracted from the received signal. This incurs additional UE complexity (calculation, buffering) and processing latency. For Opt B, on the other hand, the UE is further configured with a CSI-IM resource (y) from the serving TRP Y. If the “zero power” constraint holds and can be assumed by the UE, the UE may directly measure the emulated interference without the complexity and latency required for Opt A. However, in the current version of Rel.16 specification, the potential benefit from Opt B cannot be attained since the available RE patterns for NZP/ZP CSI-RS do not coincide with those for CSI-IM. More specifically:
· [TS 38.214 sec 5.2.2.3.1] Supported RE (+CDM) patterns for NZP/ZP CSI-RS are given in TS 38.211 sec 7.4.1.5
· 1-port: 0.5, 1, 3 RE/RB (with F-T shift), comb/checkerboard
· 2-port: 0.5, 1 RE/RB (with F-T shift), comb/checkerboard
· [TS 38.214 sec 5.2.2.4] Supported RE patterns for CSI-IM are given in TS 38.214 sec 5.2.2.4
· Pattern0: 1-port, 2x2=4 RE per RB (with F-T shift), cluster
· Pattern1: 1-port, 4x1=4 RE per RB (with F-T shift), cluster
It is evident that the sets of available RE patterns for CSI-RS and CSI-IM do not coincide. 

Observation: The current specification does not seem to accommodate efficient interference emulation for multi-TRP/panel:
· Emulating interference with NZP CSI-RS, without any blanking from the serving TRP/panel, would incur additional UE complexity and/or processing latency
· Blanking cannot be performed with CSI-IM since: 1) CSI-IM is not guaranteed to be ZP, and 2) the available RE patterns for CSI-IM do not coincide with those for NZP/ZP CSI-RS  

Note that the above issue is pertinent to general CSI calculation. Adding an explicit “zero power” constraint (i.e. the UE assumes that there is no signal transmission in the REs associated with the configured CSI-IM) can be beneficial not only for system operation, but also for UE implementation. 

UE capability for MU CSI enhancements
The following feature group (FG) was discussed during UE feature email discussion [4], where the red text shows the update (discussed, but not agreed yet) from the version agreed during RAN1#101-e.
Table 1
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
1. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	[2-35] 2-36/2-40/2-41/2-43 in Rel-15, and 16-3a, 16-3b in Rel-16
	
	
	
	
	
	
	
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {4 to 256}



The main discussion is about the candidate values for component 1. In particular, it was argued that the candidate values (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL) are redundant since there are separate FGs 16-3a-1 and 16-3b-1 for reporting capability about the R value. That is, if the UE reports capability according to FG 16-3a-1, then the UE supports (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL) implicitly. In our view, this argument is restrictive to UE implementations since it requires a UE to be always capable of (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL) if the UE reports capability according to FG 16-3a-1. In practice, a UE capable of FG 16-3a-1 may not be capable of supporting FG 16-8 at all. So, we prefer to keep all values for component 1.
Proposal: support the red text in the description of FG 16-8 below. 
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
1. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	[2-35] 2-36/2-40/2-41/2-43 in Rel-15, and 16-3a, 16-3b in Rel-16
	
	
	
	
	
	
	
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {4 to 256}




Conclusion
5 
6 
In this contribution, the following observation and proposals are given: 
Observation: 
· With “zero power” constraint, configuring the UE with CSI-IM as a dedicated IMR facilitates simpler and more accurate interference measurement compared to NZP CSI-RS. Otherwise, CSI-IM would simply incur more overhead than NZP CSI-RS.  
· The current specification does not seem to accommodate efficient interference emulation for multi-TRP/panel:
· Emulating interference with NZP CSI-RS, without any blanking from the serving TRP/panel, would incur additional UE complexity and/or processing latency
· Blanking cannot be performed with CSI-IM since: 1) CSI-IM is not guaranteed to be ZP, and 2) the available RE patterns for CSI-IM do not coincide with those for NZP/ZP CSI-RS  

Based on the above observation, the following proposal is made.
Proposal: 
· On the use of NZP CSI-RS and CSI-IM for L1-SINR calculation, further assess if:
· The current specification includes other feature(s) that allow efficient interference emulation in conjunction with the specified NZP/ZP CSI-RS and CSI-IM 
· Main target use case: DL multi-TRP/panel transmission (FR1 and FR2)
· If none, whether necessary refinement to the current specification is feasible during Rel.16 maintenance 
· Note: “Efficient” is defined with respect to UE complexity and interference measurement accuracy 

The following proposal is made regarding UE capability for MU CSI enhancements.
Proposal: support the red text in the description of FG 16-8 below. 
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
1. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	[2-35] 2-36/2-40/2-41/2-43 in Rel-15, and 16-3a, 16-3b in Rel-16
	
	
	
	
	
	
	
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {4 to 256}
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