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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

The agreed WF on RRM from RAN4#104-e is captured in [2].
Discussion
General
The scope of the WI is to introduce new requirements for UEs capable of multi-beam/chain simultaneous DL reception of two different QCL TypeD RSs from two different directions on a single component carrier in FR2-1, to achieve improved RF, RRM and UE demodulation performance.
Prior to discussing the requirements impacts, RAN4 needs to discuss and agree on the scenarios, and have a clear view on, e.g., the following:
· What is the simultaneous reception?

Proposal 1: In this WI, the two RSs are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period.

· Which RS types shall RAN4 assume while defining requirements for simultaneous reception of two RSs?

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. Hence, if the simultaneously received RSs are separately configured with different QCL type D, then the RSs for simultaneous reception are the target RSs in QCL type D info. This suggests that the RRM RSs for simultaneous reception are CSI-RS.

Proposal 2: For defining requirements for simultaneous reception of two RSs in different QCL type D infos, RAN4 shall assume that the two simultaneously received RSs are different CSI-RSs.

· Should the two RSs have only QCL type D or may also be additionally configured with QCL type A (i.e., QCL type D + QCL type A) or QCL type C (i.e., QCL type D + QCL type C).

Proposal 3: In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.

· Can there be the simultaneously received RSs from a non-serving cell?

QCL type D can be configured for serving or non-serving cells. It is beneficial if the UE can simultaneously receive the RSs from serving and non-serving cells.

Proposal 4: The simultaneously received RSs may also be from a non-serving cell.

Requirements applicability
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 5: 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 6: 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 (according to WID).
· Proposal 7: In RRM requirements for simultaneous reception of RSs in different QCL type D infos, not only the target RSs but also the associated signals in the QCL infos shall remain detectable during the entire measurement periods.

Deployment scenarios
According to [1], the priority should be given to the dual-TCI case. With this in mind, the following deployment scenarios A-D can be considered for simultaneous reception from different directions, which are further subject to the conclusions from the timing constraints discussion.
· Proposal 8: RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
Scenario A: 
· simultaneous reception of RS0 and RS2, 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.

[image: ]

Figure 1: Example deployment, Scenario A.
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Figure 2: Example deployment, Scenario B.
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Figure 3: Example deployment, Scenario C.
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Figure 4: Example deployment, Scenario D.


Simultaneous reception and CA
In [2], the following options on CA operation were captured:
· Option 1: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier, by excluding downlink CA operation.
· Option 2: UE can be configured with multiple carriers but multi-Rx chain is enabled on only one of the carriers.
In our view, naturally, RAN4 shall start defining requirements for the single-carrier case and then, if needed (subject to further discussion), further adapt them for UEs configured with CA. In either case, the simultaneous reception feature shall not be limited only to UEs not configured with CA.
· Proposal 9: RAN4 shall start defining requirements for the single-carrier case and then, if needed (subject to further discussion), further adapt them for UEs configured with CA. In either case, the simultaneous reception feature shall not be limited only to UEs not configured with CA.
Receive timing difference between different directions (different QCL Type D RSs)
In WF [3] from previous RAN4#104 we have:
	...
Issue 1-1-5: Receive time difference
Proposals
Option 1: The timing difference between different panels is at least within one CP. FFS whether to define requirements with timing difference larger than one CP.
Option 1a: The condition of receive timing difference between different directions with different TCI of QCL type-D shall take CP length as baseline.
Option 1b: Receive time difference for configured different QCL Type D RSs is within CP. FFS receive time difference for configured different QCL Type D RSs is larger than CP.
Option 1c: 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.
Option 1d:
Option a: If keep the assumption of single FFT as in Rel-17, the receive timing difference between different directions should be not larger the CP length. But the legacy MRTD under inter-band CA is much larger than CP length for FR2-1, which is beyond UE capability.
Option b: If UE is capable of supporting two FFTs for different TRP or panel/RF chain reception, the restriction of not larger the CP length can be ignored, so re-using the legacy requirement for inter-band CA is fine.
Option 2: The receive timing difference between different directions is within CP
Option 2a: Check whether it is available that the maximum receive timing difference between the DL transmission from two TRPs is within CP according to RAN2 specification.
Option 3: Given that independent RF and BB processing is of necessity to support two distinct AoAs, no restriction on MRTD between different directions (different QCL Type D RSs) should be provided
Option 4: Study UE RX capability receiving extended MRTD based on non-collocated mTRP deployment scenario.
Option 5: Clarify the scope of this item and discuss whether existing spec can be modified for multi Rx chain UE or not under the clarified scope for receive timing difference between different directions. 
...



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.
[image: ]
Figure 1: Delay difference ∆τ
· Observation 1: Up to and including 3GPP release-17 all MIMO signals fall withing CP.
The options in the table in section 1, from RAN4#104, fall into two categories:
· Receive time difference for configured different QCL Type D RSs is, at least, within CP: Options 1, 1a, 1b, 1c, 1da, and 2a
· Receive time difference for configured different QCL Type D RSs is, possibly, > CP: Options 1c, 1db, 3 and 4
Our observations and proposals from previous meeting are, in a way, compatible with all proposals.
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 10: 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.
General:
· Proposal 1: In this WI, the two RSs are considered to be received simultaneously if their instances are received in the same or overlapping time resources, which may occur in one, some, or all RS occasions during the measurement period.

· Proposal 2: For defining requirements for simultaneous reception of two RSs in different QCL type D infos, RAN4 shall assume that the two simultaneously received RSs are different CSI-RSs.


· Proposal 3: In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.

· Proposal 4: The simultaneously received RSs may also be from a non-serving cell.

Requirements applicability:
· Proposal 5: 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 6: 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 (according to WID).
· Proposal 7: In RRM requirements for simultaneous reception of RSs in different QCL type D infos, not only the target RSs but also the associated signals in the QCL infos shall remain detectable during the entire measurement periods.
Scenarios:
· Proposal 8: RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
Scenario A: 
· simultaneous reception of RS0 and RS2, 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.
Carrier aggregation:
· Proposal 9: RAN4 shall start defining requirements for the single-carrier case and then, if needed (subject to further discussion), further adapt them for UEs configured with CA. In either case, the simultaneous reception feature shall not be limited only to UEs not configured with CA.

Receive timing difference between different directions:
· 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 10: 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.
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