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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
A new WI on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception [1] was approved at RAN#96. This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier in FR2-1 from two different directions to achieve improved RF, RRM and UE demodulation performance. A UE capability for such operation has been introduced in Rel-16 (simultaneousReceptionDiffTypeD-r16) [TS 38.306], as shown below. However, no RF, RRM, or performance requirements were defined in Rel-16 or Rel-17.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



The following two scenarios are to be considered in the WI:
· Dual TCI (same or different TRPs),
· Single TCI (Note [1]: The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited).
The WI will cover RRM core and RRM performance parts, both impacting TS 38.133. 
The WID [1] includes the following objective of the core part:
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4-layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· 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
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· 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)

The WID [1] includes the following objective of the performance part:
· 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
· RRM Performance requirements and test cases corresponding to the new core requirements
· RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
· UE demodulation requirements:
· Specify performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier.
· Demod requirements on up to 4 DL MIMO layers
· CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Extension of requirements to cover intra-band CA can be considered after the single carrier requirements are defined
Discussion
General
The scope of the WI is to introduce new requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier in FR2-1 from two different directions to achieve improved RF, RRM and UE demodulation performance. Currently, the legacy RRM requirements are applicable for such UEs, which is not optimal, since the capability is not fully exploited and does not contribute to better RRM, RF, etc.
· Proposal 1: For UE with the capability of simultaneous reception from different directions, the existing legacy RRM requirements continue to apply by default, unless a corresponding new enhanced requirement is introduced.
· Proposal 2: A clarification is added in clause 3.6.13 of TS 38.133 (Applicability of requirements for FR2) that the new requirements defined in this WI are applicable only for FR2-1.
Due to beamforming, measurement delays in NR FR2 in the existing specification are much longer than in NR FR1 or LTE (for the comparable measurements), therefore within the new WI [1] it is proposed to exploit the advantage of simultaneous receptions at the UE to reduce these delays while maintaining the existing accuracy requirements.
· Proposal 3: The new improved RRM requirements should aim to reduce the delays during measurements and procedures (e.g., RLM evaluation period, measurement delays, etc.) while maintaining the existing accuracy requirements.

Generally, according to TS 38.214, to support beamforming, QCL type D can be configured in the UE for CSI-RS or DMRS as target signals and SSB or CSI-RS as associated signals.
Furthermore, QCL type D can also be configured together with QCL type A or together with QCL type C.
· Proposal 4: RAN4 to discuss whether the new requirements will also be applicable when QCL type D is configured together with QCL type A and QCL type C.
QCL type D can be configured for serving or non-serving cells, which suggests that new RRM requirements for non-serving cells may also be relevant.
· Proposal 5: RAN4 to discuss defining new improved requirements for serving cells (PCell, PSCell, and SCells, whichever are relevant for each such requirement) as well as for non-serving cells.
· Proposal 6: In an improved RRM requirement relying on a certain QCL relationship (QCL type D), not only the target signal but also the associated signal in the QCL information shall remain detectable during the entire measurement period.
Example scenarios are shown in Figures 1-5 below:
· Scenario A: simultaneous reception of RS0 and RS1, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell,
· Scenario E: simultaneous reception of RS0 and SSB0, same TRR, same cell.



Figure 1: Example deployment, Scenario A.

Figure 2: Example deployment, Scenario B.


Figure 3: Example deployment, Scenario C.




Figure 4: Example deployment, Scenario D.


Figure 5: Example deployment, Scenario E.


L1-RSRP reporting
L1-RSRP measurement delay is currently defined for SSB-based, CSI-RS based, and SSB and CSI-RS based L1-RSRP measurement reporting within the active BW part. Since SSB is used as a reference in QCL information to help in detecting/decoding other signals, i.e., it is an associated signal and not the target signal, the QCL type D information may not help SSB-only based measurements and procedures, which suggests no impact on requirements for SSB-only based L1-RSRP measurements.
· Proposal 7: L1-RSRP measurement period: SSB-only based L1-RSRP measurement reporting does not benefit from QCL type D information.
When some directions can be measured simultaneously, e.g., in this WI these can be two CSI-RSs having QCL type D with the same associated signal such as SSB or CSI-RS, the measurements period can be reduced. L1-RSRP measurement period in TS 38.133 is defined as a function of several configured or defined parameters, among which is parameter N related to the number of directions from which the UE is receiving the measured signals. A UE capable of multi-beam/chain simultaneous DL reception on a single component carrier from two different directions would be able to exploit this capability and reduce the L1-RSRP measurement period, e.g., via reducing the N parameter depending on the QCL information for the measured signals and the number of directions from which the signals can be received simultaneously, while considering that the UE can measure simultaneously in two directions at most.
· Proposal 8: L1-RSRP measurement period: L1-RSRP measurement reporting based on CSI-RS or CSI-RS and SSB can be improved by reducing N parameter, depending on QCL information, applicable for:
· serving cell,
· non-serving cell.
Cell detection and L3 measurements
Cell detection is SSB-based. QCL type D information does not impact directly SSB-only based measurements and procedures. However, there may be indirect impacts, such as to CSSF. 
The above applies also for SSB-based L3 measurements.
· Proposal 9: Cell detection and L3 measurement period, SSB-based:
· No direct benefit from QCL type D information,
· FFS: impact on CSSF.
· Proposal 10: L3 measurement period, CSI-RS based:
· Simultaneous measurements for signals with QCL type D can reduce the measurement period.
RLM
RLM is performed based on SSB, CSI-RS or combination of SSB and CSI-RS, for PCell, PSCell or deactivated PSCell. QCL type D information does not impact directly SSB-only based measurements and procedures, but there may be impact on P parameter. For RLM involving CSI-RS, also N parameter can be reduced.
· Proposal 11: RLM evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 12: RLM evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
Link recovery
For link recovery, the observations made for RLM apply also here.
· Proposal 13: CBD evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 14: CBD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
· Proposal 15: BFD evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 16: BFD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
Scheduling/measurement restrictions
· Proposal 17: Scheduling/measurement restrictions in TS 38.133 need to be updated (e.g., to reduce or exclude some restrictions) to allow for simultaneous reception on two chains, for UEs capable of this.
TCI state switching delay with dual TCI
A UE capable of multi-beam/chain simultaneous DL reception on a single component carrier from two different directions shall be able to use simultaneously two TCI states. The new RRM requirements shall only be applicable on this set of active TCI states, and the set shall not change during the applicable period (e.g., measurement period, evaluation period, etc.). Furthermore, RAN4 also needs to discuss the impact of any change in this set, e.g., addition, removal, replacement, etc.
· Proposal 18: The new RRM requirements defined for simultaneous measurements and procedures on two chains need to apply, provided the corresponding active TCI states are configured and used for simultaneous reception during the measurement or evaluation period.
· Proposal 19: RAN4 to discuss the requirements for any change to the set of active TCI states used for simultaneous reception, e.g., active TCI state switching within this set.
· Proposal 20: RAN4 to discuss whether there is an issue when the number of active TCI states is larger than the UE capability for simultaneous reception.
Receive timing difference between different directions (different QCL Type D RSs)
The RAN4 set of specifications are feature oriented. Requirements are grouped according to feature, i.e., MIMO, CA, DC etc. In this WI [1] we deal with MIMO, as stated in the justification:
“This WI therefore provides the requirements for both single and dual TCI assumptions to specify requirements for reception of 4-layer downlink MIMO with simultaneous reception at the UE from two different directions”. 
With regards to the WI [1], it is stated, as a core objective:
“- Receive timing difference between different directions (different QCL Type D RSs)”
The release-17 baseline gives a starting point for release-18 work. Up to and including release-17 we have the following:
· All MIMO-signals fall within CP [2].
· MIMO or Tx diversity transmissions, and intra-band contiguous carrier aggregation, that the antennas typically be co-located (same site). Although base station antennas of the same “site” can be deployed at different locations within that site, e.g. different corners of a roof, it is correct to assume that the distribution of the reference timing signal would not be required between sites; an intra-site timing distribution would suffice. This is described in  ITU-T Study Group 15 [3].
In Figure 1, below, ∆τ is defined. Up to and including 3GPP release-17 we have ∆τ < CP.

Figure 1: Delay difference ∆τ
· Observation 1: Up to and including 3GPP release-17 all MIMO signals fall withing CP.
For 3GPP release-18 work we consider several factors, both opportunity and risk:
· Deployment flexibility is an important factor for the operators to consider in this WI. This merits study of cases where ∆τ > CP. This is an opportunity.
· [bookmark: _Hlk109835214]Cases where ∆τ > CP will degrade performance severely unless the MIMO streams are isolated from each other spatially or interference is mitigated through other means.
· If the TRP1 and TRP2 are more separated and the UE can move relatively large distances then it is better to rely on a total MRTD budget, where ∆τ = TAE + ∆propagation and ∆τ < MRTD. The term ∆propagation is the difference in RF signal propagation time from TRP1 to UE and TRP2 to UE. The term TAE is BS Time Alignment Error. This way TAE and ∆propagation can be balanced as terms, within the total MRTD budget. 
· Observation 2: Deployment flexibility is important. This merits study of cases where ∆τ > CP in WI.
· Observation 3: Cases where ∆τ > CP CP will degrade performance severely unless the MIMO streams are isolated from each other spatially or interference is mitigated through other means.
· Proposal 21: If we define cases where ∆τ > CP then we define a total MRTD budget, where 
∆τ = TAE + ∆propagation and ∆τ < MRTD. This way TAE and ∆propagation can be balanced as terms, within the total MRTD budget.
Summary
The following have been observed and proposed in this contribution.
· Proposal 1: For UE with the capability of simultaneous reception from different directions, the existing legacy RRM requirements continue to apply by default, unless a corresponding new enhanced requirement is introduced.
· Proposal 2: A clarification is added in clause 3.6.13 of TS 38.133 (Applicability of requirements for FR2) that the new requirements defined in this WI are applicable only for FR2-1.
· Proposal 3: The new improved RRM requirements should aim to reduce the delays during measurements and procedures (e.g., RLM evaluation period, measurement delays, etc.) while maintaining the existing accuracy requirements.
· Proposal 4: RAN4 to discuss whether the new requirements will also be applicable when QCL type D is configured together with QCL type A and QCL type C.
· Proposal 5: RAN4 to discuss defining new improved requirements for serving cells (PCell, PSCell, and SCells, whichever are relevant for each such requirement) as well as for non-serving cells.
· Proposal 6: In an improved RRM requirement relying on a certain QCL relationship (QCL type D), not only the target signal but also the associated signal in the QCL information shall remain detectable during the entire measurement period.
· Proposal 7: L1-RSRP measurement period: SSB-only based L1-RSRP measurement reporting does not benefit from QCL type D information.
· Proposal 8: L1-RSRP measurement period: L1-RSRP measurement reporting based on CSI-RS or CSI-RS and SSB can be improved by reducing N parameter, depending on QCL information, applicable for:
· serving cell,
· non-serving cell.
· Proposal 9: Cell detection and L3 measurement period, SSB-based:
· No direct benefit from QCL type D information,
· FFS: impact on CSSF.
· Proposal 10: L3 measurement period, CSI-RS based:
· Simultaneous measurements for signals with QCL type D can reduce the measurement period.
· Proposal 11: RLM evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 12: RLM evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
· Proposal 13: CBD evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 14: CBD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
· Proposal 15: BFD evaluation period, SSB-based: 
· No direct benefit from QCL type D information,
· FFS: impact on P parameter.
· Proposal 16: BFD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter, depending on QCL information,
· FFS: impact on P parameter.
· Proposal 17: Scheduling/measurement restrictions in TS 38.133 need to be updated (e.g., to reduce or exclude some restrictions) to allow for simultaneous reception on two chains, for UEs capable of this.
· Proposal 18: The new RRM requirements defined for simultaneous measurements and procedures on two chains need to apply, provided the corresponding active TCI states are configured and used for simultaneous reception during the measurement or evaluation period.
· Proposal 19: RAN4 to discuss the requirements for any change to the set of active TCI states used for simultaneous reception, e.g., active TCI state switching within this set.
· Proposal 20: RAN4 to discuss whether there is an issue when the number of active TCI states is larger than the UE capability for simultaneous reception.
· Observation 1: Up to and including 3GPP release-17 all MIMO signals fall withing CP.
· Observation 2: Deployment flexibility is important. This merits study of cases where ∆τ > CP in WI.
· Observation 3: Cases where ∆τ > CP CP will degrade performance severely unless the MIMO streams are isolated from each other spatially or interference is mitigated through other means.
· Proposal 21: If we define cases where ∆τ > CP then we define a total MRTD budget, where 
∆τ = TAE + ∆propagation and ∆τ < MRTD. This way TAE and ∆propagation can be balanced as terms, within the total MRTD budget.

References
[1] RP-221753, WI description, Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception, Qualcomm Inc., June 2022.
[2] R4-2017164, WF on NR eMIMO RRM Performance requirements, Samsung.
[3] RP-180557, LS response on work to support IMT-2020/5G in the Transport Network, Ericsson 


3

image1.png




image2.png
(©

Y
=5
.




image3.png
Z

=
[Favay
=
= z
4




image4.png
(«

)
@,




image5.png
y

o




image6.png
TRP1 TRP2

A A
N /

TRPL: __Slotn Slot n+1

TRP2 | | Sotn Slot n+1

AT




