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1.	Introduction
In this contribution, we provide our views on UE performance impact when RTD is larger than a certain threshold.
2. 	Discussion
Issue 1-1-1: performance degradation due to network driven Rx beam switch e.g. TCI state change (Case 1)
Agreement
· Performance degradation due to network driven Rx beam switch e.g. TCI state change (Case 1) 
· Performance degradation will be specified as a note in MRTD clause
· Option 1: If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for the first or the last symbol of the slot in the SCells of the other band, where X is defined in Table 7.6.4.
· Option 2: If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for the first symbol of the SCell of the other band, where X is defined in Table 7.6.4.
Issue 1-1-1A: Adding additional note considering different QCL-Type D: 
· Option 1: If UE is scheduled to apply different QCL assumptions within a slot, additional performance degradation is expected within the slot
· Option 2: More clarification is needed.

When an RTD (Reception Timing Difference) between FR2 inter-band serving cells exceeds [X], received OFDM symbols get distorted due to ISI and ICI. For instance, when SCell slots arrive at UE ahead of PCell slots, the first OFDM symbol of the SCell slot gets interrupted as shown in Figure 1-A due to UE Rx beam switching. Note that UE Rx beam switching time was assumed to follow PCell slot boundary as an example. And we can expect a similar performance loss due to ISI and ICI when SCell slots arrive at UE MRTD later than PCell slots as shown in Figure 2. As discussed in the last meeting during GTW session, if we want to protect the first OFDM symbol of the SCell, UE Rx beam switching time should be advanced as illustrated in Figure 1-B. In such a case, the last OFDM symbol of the PCell will be distorted.

[image: ]
Figure 1-A. A timeline diagram of FR2 inter-band CA for CBM UE when a slot boundary of anchor carrier is ahead of that of non-anchor carrier and the anchor carrier is protected from ISI/ICI
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Figure 1-B. A timeline diagram of FR2 inter-band CA for CBM UE when a slot boundary of anchor carrier is ahead of that of non-anchor carrier and the non-anchor carrier is protected from ISI/ICI
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Figure 2. A timeline diagram of FR2 inter-band CA for CBM UE when a slot boundary of anchor carrier is behind that of non-anchor carrier and the anchor carrier is protected from ISI/ICI

Observation 1: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD earlier than anchor-carrier’s, e.g. PCell, 31% of the first OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode PDCCH.
Observation 2: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD later than anchor-carrier’s, e.g. PCell, 29% of the last OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode segmented code block(s) mapped to the last OFDM symbol.

In RF session, there are discussions about single- vs. multi-receiver architecture based FR2 CBM DL CA. If multi-receiver architecture based CBM DL is introduced and supported by a UE for a specific band combination, the demodulation performance degradation due to beam switching can be avoided because the UE can switch Rx beams across the bands independently.

	The following text was extensive discussed during GTW. It is encouraged all the experts to look into it and prepare the discussions for future meeting.
------------------- Text under discussion -----------------------
1. Introduce UE capability CBM HPC. 
0. Which architecture UE supports is up to UE implementation
1. UE requirements 
1. FFS on within same frequency group CBM DL requirements are based on single receiver and multi receiver architecture
1. between frequency groups CBM DL requirements are based on multi receiver architecture, IBM-requirements, relaxations can be discussed (i.e., relaxation could be not exact the same as IBM)
1. Fs_inter is introduced further discussed whether Fs_inter is for functional limitation or for performance functional separation
2. Applies within same frequency group band combinations for single receiver architecture
2. Applies to UEs not declaring  HPC
2. Is introduced together with other LL n258+n261 UE requirements for both CBM and IBM when there is operator request for band combination within same frequency group
2. When CBM requirements are introduced for band combination within same frequency group also IBM requirements are introduced (earlier agreement)
2. REFSENS: Define the minimum CBM sensitivity requirements on the condition of normalized equal PSD for band combinations within same frequency group.
1. CR for CA_n257-n259, CA_n258-n260 and CA_n260-n261(for both CBM and IBM) i.e. CBM between frequency groups is agreed in RAN4#102
1. CBM REFSENS between frequency groups is defined to be same as IBM REFSENS
4. FFS relaxation value
1. CR introducing LL combo n258+n261 with Fsinter and CR introducing LH combos CA_n257-n259, CA_n258-n260 and CA_n260-n261 are agreed as a package.

------------------- Text under discussion -----------------------



Proposal 1: For the performance degradation due to network driven Rx beam switch i.e. TCI state change, 
· If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for the first or the last symbol of the slot in a SCell in a band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4, if the UE is configured with different QCL-TypeD sources in consecutive slots. If UE is scheduled to apply different QCL assumptions within a slot, additional performance degradation is expected within the slot. The performance degradation is not expected in the bands where multi-receiver architecture based CBM DL CA is used, if defined by RF group. FFS on the details of the bands.

Issue 1-1-2: performance degradation due to UE autonomous Rx beam switch (Case 2)
· Option 1: Adding a note to the corresponding MRTD table, same as in Issue 1-1-1.  
· Option 2: Do not define any explicit requirements on how often and how much performance degradation is expected unless it can be tested under specific conditions where the degradation can be accurately quantified. 
· Option 3: RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 

Regarding performance impact due to UE autonomous Rx beam switching, although we agree that additional performance degradation is expected when UE switch Rx beams autonomously, the impact will highly depend on UE codebook design, whether and how fast UE rotates, etc. Besides, we also agree that UE autonomous Rx beam switching for beam refinement is not carried out every slot in general. Therefore, we prefer to avoid defining any explicit requirements on how often and how much performance degradation can be allowed unless it can be tested and quantified.

Proposal 2: For the performance degradation due to UE autonomous Rx beam switch,
· Do not define any explicit requirements on how often and how much performance degradation is expected unless it can be tested under specific conditions where the degradation can be accurately quantified.

Issue 1-1-3: Solutions to reduce/avoid performance degradation 
· Option 1: Do not consider any network-controlled performance degradation mitigation technique to cope with RTD equal to or greater than [X]. 
· Option 2: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation when receiving time difference exceeds X. 
· Option 3: The UE beam switch can if no gaps exist be allowed at symbol occasions assigned by the network, where occasions with a max period of [Y] will be guaranteed. 

When a part of OFDM symbol is corrupted for any reason, fundamentally there will be performance degradation and the amount of degradation depends on many different configurations such as time domain allocation of TRS, DMRS, PDCCH, and PDSCH, PDCCH AL, and PDSCH Rank/MCS, etc. And even if UE beam training opportunities are limited to specific occasions, that will be seen as just another form of performance loss. 

Proposal 3: RAN4 to not consider any network-controlled performance degradation mitigation technique to cope with RTD equal to or greater than [X]. Instead, it should be left to UE implementation.

3.	Conclusion
Observations and Proposals are summarized below:
Observation 1: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD earlier than anchor-carrier’s, e.g. PCell, 31% of the first OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode PDCCH.
Observation 2: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD later than anchor-carrier’s, e.g. PCell, 29% of the last OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode segmented code block(s) mapped to the last OFDM symbol.
Proposal 1: For the performance degradation due to network driven Rx beam switch i.e. TCI state change, 
· If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for the first or the last symbol of the slot in a SCell in a band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4, if the UE is configured with different QCL-TypeD sources in consecutive slots. If UE is scheduled to apply different QCL assumptions within a slot, additional performance degradation is expected within the slot. The performance degradation is not expected in the bands where multi-receiver architecture based CBM DL CA is used, if defined by RF group. FFS on the details of the bands.

Proposal 2: For the performance degradation due to UE autonomous Rx beam switch,
· Do not define any explicit requirements on how often and how much performance degradation is expected unless it can be tested under specific conditions where the degradation can be accurately quantified.

Proposal 3: RAN4 to not consider any network-controlled performance degradation mitigation technique to cope with RTD equal to or greater than [X]. Instead, it should be left to UE implementation.
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