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1. Introduction

In RAN#98e meeting, the WID on Rel-18 FR2 multi-RX DL reception work item was updated [3] and RRM objectives were revised, which is provided as following. 

	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier

· Enhanced RRM requirements:

· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay

· RLM and BFD/CBD requirements

· Scheduling/measurement restrictions

· TCI state switching delay with dual TCI

· Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:

· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.

· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.

· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.

· 


In last meeting, there is discussion on FR2 multi-Rx chain DL reception. A WF on general aspect, L1-RSRP, RLM/BFD/CBD, scheduling/measurement restriction was approved [2], and the open issues are captured in the topic summary [3]. This contribution provides discussion on scheduling/measurement restrictions.
2. Discussion 
2.1 Scheduling restriction

Scheduling restrictions may be applied when RS and data are collided in the same OFDM symbol. RS refers to RS used for measurement includes L1 measurement and L3 measurement. This contribution focus on L1 measurement.  L1 measurement includes RLM, BFD, CBD, L1-RSRP measurement, L1-SINR measurement. The scheduling availability are specified for above mechanisms respectively, but the requirements are basicly same. To simplify discussion, taking RLM as an example to provide analysis. Following is the duplication of legacy scheduling availability for FR2 RLM.
	8.1.7.3
Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.

-
If the RLM-RS is CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON,
-
There are no scheduling restrictions due to radio link monitoring based on the CSI-RS.
-
Otherwise

-
For FR2-1 or the RLM-RS is not using 480 kHz SCS or 960 kHz SCS on FR2-2, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring.

-
For FR2-2 and the RLM-RS is using 480 kHz SCS or 960 kHz SCS, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring, and on one data symbol before each RLM-RS symbol to be measured and one data symbol after each RLM-RS symbol to be measured.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell applies to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.
When inter-band carrier aggregation in FR2 is performed, there are no scheduling restrictions on FR2 serving cell(s) in the bands for the following cases, provided that UE is capable of independent beam management on this FR2 band pair:

-
when performing radio link monitoring performed on FR2 serving PCell or PSCell in different bands, 
-
the UE is configured with same or different numerology between SSB on one FR2 band and data on the other FR2 band.
…


The reason to have scheduling restriction for FR2 is that RX beam sweeping is needed while only one RX reception at a time is assumed.  If RLM RS and PDCCH/PDSCH are overlapped on the same OFDM symbol, Rx beams for RLM RS and data could be different. UE cannot perform RLM measurements and PDCCH/PDSCH reception at the same time. Scheduling restriction is introduced to solve this issue. According to legacy scheduling avalability requirements, RLM is prioritized, which means data cannot be scheduled. In order to improve system performance, it is expected to reduce the impact on scheduling.
With multiple RX reception, since simultaneous reception on different direction is supported, it is possible to remove the scheduling restriction for some cases. If RLM-RS and PDCCH/PDSCH can be received simultaneously (e.g. with the beam pair), there is no need to have scheduling restriction. Simialr situation for BFD, CBD, L1-RSRP measurement, L1-SINR measurement. In summary, if L1 measurement and PDCCH/PDSCH reception can be performed simultaneously (e.g. with the beam pair), there is no need to have scheduling restriction.
Proposal 1: for L1 measurement (RLM, BFD, CBD, L1-RSRP measurement, L1-SINR measurement), with multiple RX reception, if L1 measurement and PDCCH/PDSCH reception can be performed simultaneously (e.g. with the beam pair), there is no need to have scheduling restriction.
2.2 Measurement restriction

Measurement restrictions may be applied when there is L1 measurement collision in the same OFDM symbol. L1 measurement includes RLM, BFD, CBD, L1-RSRP measurement, L1-SINR measurement. The measurement restrictions are specified for above mechanisms respectively, but the requirements are basicly same. To simplify discussion, taking RLM as an example to provide analysis. Following is the duplication of legacy measurement restriction for FR2 RLM.
	8.1.2.3
Measurement restrictions for SSB based RLM

…

For FR2, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.

For FR2, there is no measurement restriction allowed when the network configures mixed numerology between SSB for RLM measurement on one FR2 band and CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, provided that UE is capable of independent beam management on this FR2 band pair.

…
8.1.3.3
Measurement restrictions for CSI-RS based RLM

…

For FR2, when the CSI-RS for RLM measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD, or L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to measure one of but not both CSI-RS for RLM and SSB. Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.

For FR2, when the CSI-RS for RLM measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,

-
In the following cases, UE is required to measure one of but not both CSI-RS for RLM and the other CSI-RS. Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.

-
The CSI-RS for RLM or the other CSI-RS in a resource set configured with repetition ON, or 
-
The other CSI-RS is configured in q1 and beam failure is detected, or

-
The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,

-
Otherwise, UE shall be able to measure the CSI-RS for RLM without any restriction.


The reason to have measurement restriction for FR2 is that RX beam sweeping is needed while only one RX reception at a time is assumed.  If SSB for RLM and CSI-RS for RLM are overlapped on the same OFDM symbol, Rx beams for SSB and CSI-RS could be different. UE cannot measurement them at the same time. Measurement restriction is introduced to solve this issue. According to legacy measurement restriction requirements, UE is required to measure one of but not both, i.e. the decision is up to UE implementation. In order to improve system performance, it is expected to minimize the measurement restriction.

With multiple RX reception, since simultaneous reception on different direction is supported, it is possible to remove the measurement restriction for some cases. If RS from different detection can be received simultaneously (e.g. with the beam pair), there is no need to have measurement restriction. 
Propasal 2: with multiple RX reception, if RS from different direction can be received simultaneously, measurement restriction can be removed.
3. Conclusion
This contribution provides discussion on scheduling/measurement restrictions for FR2 multi-Rx chain DL reception. The proposals are:
Proposal 1: for L1 measurement (RLM, BFD, CBD, L1-RSRP measurement, L1-SINR measurement), with multiple RX reception, if L1 measurement and PDCCH/PDSCH reception can be performed simultaneously (e.g. with the beam pair), there is no need to have scheduling restriction.
Propasal 2: with multiple RX reception, if RS from different direction can be received simultaneously, measurement restriction can be removed.
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