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[bookmark: _Ref513464071]Introduction
In RAN1 meeting #96b [1], the discussion on multi-beam operation continued, and the following agreements were reached; 

	In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.

RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.

Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

New beam identification threshold is based on L1-RSRP

At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 

At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results

Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.




[bookmark: _Hlk7707262]There are three proposed options for consideration of L1-SINR measurement in Rel-16. In this contribution, we share our views on different aspects related to L1-SINR measurement. 
L1-SINR Measurement
[bookmark: _GoBack]One of the remaining points of the discussion from the last meeting is related to L1-SINR measurement. The main motivation for inclusion of SINR measurement is to enhance accuracy and reliability of beam measurements. While the baseline L1-RSRP measurement provides a fair level of accuracy for a relative measurement, it is not an accurate measure for an interference heavy environment. For example, since inter-beam interference remains hidden in an L1-RSRP measurement, a reliable beam selection cannot be achieved. Having the capability of performing an accurate intra-beam interference measurement is vital in identifying candidate beams with the lowest intra-cell interference for a potential MU-MIMO pairing. Therefore, it is important to have an agreement on this issue to support L1-SINR measurement in Rel-16.

Solutions for L1-SINR Measurement 
In RAN1 #96b [1], following measurement options based on ZP/NZP IMR were agreed for L1-SINR downselection,
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
Each option carries different benefits and potential complications from UE and gNB perspectives that we discuss in the following. 

Inter/Intra-Cell measurement 
[bookmark: _Hlk7706483]For measuring background and inter-cell interference, an L1-SINR measurement based on ZP IMR is sufficient. However, for inter-beam interference measurement, ZP IMR does not provide much information and cannot be relied on for beam selection. In measuring L1-SINR based on ZP IMR, unless there is a coordination between the cells, a UE cannot make a distinction between the inter and intra cell interference. However, an interference measurement based on NZP IMR, can be distinguished and measured with much more accuracy.

Observation 1: While ZP IMR may be sufficient for background interference measurement, it is not sufficient for inter-beam interference measurement.

Processing Complexity Aspect
[bookmark: _Hlk7706600]The most attractive feature of a measurement based on ZP IMR is in its simplicity. In contrast to NZP-based measurement that calls for some additional processing of the received RS (e.g., estimation, filtering and subtraction steps), a ZP-based measurement can be done without any special processing. Therefore, a UE may need to perform less computations than the case using NZP IMR. Having said that the increment in processing is not significant, and it may even be ignored. For example, one of the factor in defining the required additional processing is the pattern of NZP IMR. As such, if the time/frequency density of the IMR pattern is not substantial, the complexity aspect can be ignored.

Observation 2: The potential incurred complexity for processing of NZP IMR is not significant, and it can be ignored.
 
Measurement Overhead
Employing NZP IMR has the potential advantage of enhancing spectrum efficiency of the system, as the same resources may be used for channel measurement by another UE or UEs. Therefore, there will not be any need to configure any additional resources for a ZP IMR to enable interference measurement. However, such benefit may not consistently hold true if there is no UE configured on those resources for channel measurement, and hence the configured NZP CSI-RS configuration may be in excess of what is required for interference measurement.

Observation 3: There is no clear indication whether ZP or NZP would be consistently more resource efficient. 

Specification Effort
Current NR specification supports following RRC configured modes for CSI resource settings for channel and interference measurements:
- CSI-IM resource for interference measurement 
- NZP CSI-RS resource for interference measurement 
- NZP CSI-RS resource for channel measurement 
The most resource efficient approach may be to introduce a new NZP resource process and definition dedicated to L1-SINR measurement, requiring relatively extensive specification work to define and optimize all configuration aspects. However, to facilitate adoption of L1-SINR measurement, while not optimized, the existing NZP CSI-RS resource definition for channel measurement can be reused till further enhancement in later releases.

Observation 4: The existing NZP CSI-RS resource definition and process for channel measurement can be reused for NZP IMR.
 
Accurate Interference Measurement for MU-MIMO
Figure 1 shows a MU-MIMO pairing process by which gNB attempts to find the best pair of beams for each UE. As part of the process, gNB configures UE1 for interference measurement of the beam transmitting NZP CSI-RS for channel measurement for UE2. In this scenario, an NZP-based interference measurement can provide feedback to gNB as what is the best (L1-SINR) candidate beam for pairing UE2 with UE1. While a ZP-IMR can provide an indication of the level of inter-beam interference in terms of the leaked energy, it cannot provide any directional information to assist UE for better suppression of the interference. However, through reception of an NZP IMR, UE1 can optimize its receive beam and spatial filtering by placing the direction of interference imposed by Beam2 on its null space. Therefore L1-SINR measurement can also benefit from an enhanced and more accurate measurement needed for MU-MIMO pairing and operation.

Observation 5: An NZP IMR process can assist UE in selecting the proper beam and spatial filtering for MU-MIMO operation.

In conclusion, there is no compelling reason to support Option 2 that is to adopt L1-SINR measurement solely based on ZP IMR. In fact, we believe that such approach would be detrimental to the performance of MU-MIMO operation. 

Proposal 1: L1-SINR based on ZP IMR only is not supported.

   


Figure 1 Multi-beam uplink transmission 

Conclusion
In this contribution, we share our views on three proposed options for consideration of L1-SINR measurement in Rel-16. Based on the presented discussion, following observations and proposals are made;

Observation 1: While ZP IMR may be adequate for background interference measurement, it is not sufficient for inter-beam interference measurement.

Observation 2: The potential incurred complexity for processing of NZP IMR is not significant, and it can be ignored.
 
Observation 3: There is no clear indication whether ZP or NZP would be consistently more resource efficient. 

Observation 4: The existing NZP CSI-RS resource definition and process for channel measurement can be reused for NZP IMR.

Observation 5: An NZP IMR process can assist UE in selecting the proper beam and spatial filtering for MU-MIMO operation.

Proposal 1: L1-SINR based on ZP IMR only is not supported.

References
[bookmark: _Ref506564916][bookmark: _Ref513626055]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #96b, Xi’an, China, April 2019
TS 38.214, 3GPP NR; Physical layer procedures for data, Release 15, 2018
image1.emf
NZP IMR Process

Channel Measurement for UE2

Interference Measurement for UE1


Microsoft_Visio_Drawing.vsdx



NZP IMR Process
Channel Measurement for UE2
Interference Measurement for UE1






