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[bookmark: _Toc116995841]Introduction
In RAN4#106bis, the following agreements were made regarding the scope of the MIMO_evo_DL_UL work in RAN4 (R4-2306362) [1]: 
	Topic #1 RRM impacts by others objectives except timing and eUTCI

Issue 1-1-1: Do you think there are RRM impacts by introducing TDCP reporting?
GTW conclusion:
· No consensus to make decision now and the plan is to wait for further RAN1 progress to identify RAN4 impacts.

Issue 1-1-2: If there will be RRM impacts by introducing TDCP reporting, how to consider such RRM requirements?
· FFS based on RAN1 progress and conclusion on Issue 1-1-1. 

Issue 1-2-1: Do you think there are RRM impacts by SRS enhancement to enable 8 TX UL operation?
GTW conclusion:
· Discuss the following 2 solutions separately
· Rel-18 SRS enhancements for 8 TX UL 
· Rel-17 Full slot SRS transmission

Issue 1-2-2: If there will be RRM impacts by SRS enhancement to enable 8 TX UL operation, how to specify interruption requirements of SRS antenna port switching?
· FFS based on conclusion on Issue 1-2-1.

Issue 1-2-3: Do you think there are RRM impacts by SRS enhancement for CJT?
Agreement:
· Keep the agreement in RAN4#106 meeting
· RRM requirements impacts
· Objective 4 (enhancements of CSI acquisition for C-JT)
· No RRM requirements impact

Issue 1-3-1: Do you think there are RRM impacts by UL precoding indication for multi-panel transmission?
Agreement:
· No RRM impacts by UL precoding indication for multi-panel transmission.

Issue 1-3-2: Do you think there are RRM impacts by UL beam indication in objective 6 for simultaneous multi-panel UL transmission?
· Proposals
· Option 1: 
· Simultaneous UL transmission with multiple panels have RRM impact on unified TCI extension and MTTD requirements. 
· Reuse similar method as GBBR in downlink reception for uplink pairs of TCI states.  
· Option 2:
· No RRM requirements are introduced for enhanced simultaneous multi-panel UL transmission in this release
· Option 3: 
· Wait for further RAN1 progress
· Option 4:
· Discuss whether to have impacts on MTTD and TCI requirements under Topic#2 and Topic#3 respectively




This paper discusses the extension of the Unified TCI framework to mTRP. In this context, sDCI and mDCI operations are addressed as well as support for intra- and inter-cell scenarios. Furthermore, switching requirements are discussed.
There were two agreements in RAN4#106 bis (namely on support for sDCI and mDCI and on postponing TRP-specific BFR) which are not rediscussed in this paper. 

[bookmark: _Toc116995842]Discussion
Impact of SRS antenna switching 
In the last RAN4 meeting, the following issue is open for discussion about SRS switching [1]: 
	Issue 1-2-1: Do you think there are RRM impacts by SRS enhancement to enable 8 TX UL operation?
GTW conclusion:
· Discuss the following 2 solutions separately
· [bookmark: _Hlk134608544]Rel-18 SRS enhancements for 8 TX UL 
· Rel-17 Full slot SRS transmission




The principles of switching the SRS transmission over respective antenna ports are specified in 3GPP TS 38.214 section 6.2.1.2 [2]. In particular, a guard period of Y symbols is defined in which the UE does not transmit any other signal. However, the guard period is conditionally defined “in the case the SRS resources of a set are transmitted in the same slot”, and the guard period is “in-between” the SRS resources. For other SRS resource configurations, RAN1 does not teach explicitly if there is any guard period and where the guard period locates.  
In order to identify the impact from guard period, we illustrate the potential scenarios in Fig.1 based on the SRS resource configuration (taking 1T2R as example).   
In Fig.1 (a), the SRS resources of a set are configured in a slot and the UE is expected to perform SRS antenna switching in consecutive manner. This is understood to be the scenario where RAN1 has specified the guard period clearly. That is, the UE transmits SRS on different ports consecutively, and the minimum guard period e.g. one OFDM symbol in FR1, is used for switching the antenna to the other ports. As the UE behavior is clear in RAN1, the RRM requirements shall be defined at least for this case taking into account the guard period in-between the SRS resources. 
In Fig.1(b), the SRS resources of a set in a slot are configured in non-consecutive manner i.e. being separated by a number of OFDM symbols more than the guard period of Y symbols, e.g. three OFDMs symbols in-between the SRS resources. As RAN1 spec only informs the guard period is “in-between the SRS resources”, companies have different understanding if all the SRS resources or only one symbol in-between is considered as guard period.
In Fig.1(c), the SRS resources of a set are NOT configured in one slot. According to RAN1, the guard period is not present between the SRS resources in separate slots. The RAN4 requirements can be defined for this case but not considering the guard period in RAN1.
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(a) The SRS resources of a set are transmitted in the same slot - Consecutive transmission
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(b) The SRS resources of a set are transmitted in the same slot – non-Consecutive transmission
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(c) The SRS resources of a set are transmitted NOT in the same slot
Figure 1. Respective scenarios of SRS resources of a set at SRS antenna switching
As part of NR_RRM_enh2-Core RAN4 has defined SRS interruption requirements for the cases of 
· 1 SRS symbol is configured in a slot, with synchronized aggressor and victim cells 
· 1 SRS symbol is configured in a slot, with asynchronized aggressor and victim cells 
· More than 1 SRS symbol configured
In all the cases above, the SRS was assumed to be configured in the last 6 OFDM symbols of a slot. For this reason, when having more than 1 SRS symbol transmitted int eh same slot, it was considered that the interruption was impacting a full slot. 
When considering the case of Rel 17 full slot SRS transmission, the network might configure SRS transmissions in the first and last symbols of a slot. In this example, distance between 2 configured SRS transmissions is such that it is larger than the guard period and antenna port switching time, and it is expected that the UE would be able to transmit other signals than SRS. One example of such configuration is shown in Figure 2. 
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Figure 2. Respective scenarios of SRS resources of a set at SRS antenna switching

[bookmark: _Toc135065384]With full slot SRS transmission, the distance between SRS symbols can be large in comparison to the guard period and switching time. 
[bookmark: _Toc135065385]RAN4 to discuss requirements for Rel-17 Full slot SRS transmission considering the cases below:
a. [bookmark: _Toc135065386]Scenario 1: 1 SRS symbol transmitted and synchronized aggressor/victim cells
b. [bookmark: _Toc135065387]Scenario 2: More than 1 SRS symbol transmitted and synchronized aggressor/victim cells
c. [bookmark: _Toc135065388]Scenario 3: 1 SRS symbol transmitted and asynchronized aggressor/victim cells
d. [bookmark: _Toc135065389]Scenario 4: More than 1 SRS symbol transmitted and asynchronized aggressor/victim cells
[bookmark: _Toc135065390]On Scenario 2, interval between SRS transmissions may be enough to allow the UE to transmit PUSCH/PUCCH. 
[bookmark: _Toc135065391]RAN4 to define requirements SRS requirements for Scenario 2 considering interruption length in symbols. 
As for the requirements for Rel-18 SRS enhancements for 8 TX UL there is still pending RAN1 definition on aspects that can influence the RAN4 requirements. The requirements for Rel 17 full slot allocation might be enough to cover Rel 18 enhancements defined in RAN1, as long as there are no changes on guard period or switching time. 
[bookmark: _Toc135065392]Enhancements to SRS in Rel 18 might be already covered by full slot requirements if guard period and switching time are unchanged by RAN1. 
[bookmark: _Toc135065393]RAN4 to postpone discussion on Rel 18 SRS enhancements until there is definition from RAN1 if guard period and switching time is changed in Rel 18. 
RRM impacts by UL beam indication
The following issue is open regarfing impact of simultaneous UL transmission [1]:
	Issue 1-3-2: Do you think there are RRM impacts by UL beam indication in objective 6 for simultaneous multi-panel UL transmission?
· Proposals
· Option 1: 
· Simultaneous UL transmission with multiple panels have RRM impact on unified TCI extension and MTTD requirements. 
· Reuse similar method as GBBR in downlink reception for uplink pairs of TCI states.  
· Option 2:
· No RRM requirements are introduced for enhanced simultaneous multi-panel UL transmission in this release
· Option 3: 
· Wait for further RAN1 progress
· Option 4:
· Discuss whether to have impacts on MTTD and TCI requirements under Topic#2 and Topic#3 respectively




Additionally, it is clear that TCI state switching needs to be discussed for the simultaneous transmission. The TCI state switching requirements are already being discussed in our unified TCI companion paper. Therefore, for the enhancements for simultaneous UL transmission with multiple panels TCI switching delay requirements need to be defined considering switching 2 target TCI states simultaneously.  
[bookmark: _Toc131949372][bookmark: _Toc135065394]RAN4 to consider the RRM impact of simultaneous UL transmission on the requirements for unified TCI extension. 
Group based beam reporting (GBBR) is discussed in this context as an enabler for simultaneous UL transmission. In multi Rx it is already agreed that GBBR rel-17 is a pre-requisite for the reception in DL with sources with different QCL-D. GBBR rel-17 provides the means for which the UE can provide the network with the information of which TCI states are best paired for simultaneous reception. Otherwise, the network doesn’t have means for deciding which pair of TCI states are best suited, and would have to attempt an exhaustive search, which would be slot and probably sub-optimal. However, one challenge is that GBBR in Rel-17 is only used for the UE to indicate the best beam pair for DL reception, which might not be the same as the one for UL transmission. As an example, the optimal choice for UL TCIs should take into consideration that UL beams might have power restrictions due to maximum permissible exposure (MPE). In some case, the optimal direction for DL transmission might be such that the MPE would be exceeded or power would have to be reduced if the same direction is used in UL. Therefore, regarding the use of GBBR, one mechanism for reporting groups for simultaneous transmission in UL is necessary, but RAN1 needs to clarify whether the existing GBBR-r17 can be used or if other enhancements are to be defined as part of the Rel 18 work. For this reason, we propose to send an LS to RAN1 asking how UL groups can be reported for simultaneous transmission.  
[bookmark: _Toc131949373][bookmark: _Toc135065395]The GBBR is currently only used for reporting best pair to be used for DL. 
[bookmark: _Toc131949374][bookmark: _Toc135065396]A different pair of beams might be more suitable for simultaneous UL transmission due to for example maximum permissible exposure (MPE). 
[bookmark: _Toc131949375][bookmark: _Toc135065397]Send LS to RAN1 on how UL group can be reported for simultaneous transmission. 
[bookmark: _Toc131949376][bookmark: _Toc135065398]Reuse multi-Rx agreement that group based beam reporting rel-17 is prerequisite for simultaneous reception for the extension of the unified TCI framework for mTRP. 

[bookmark: _Toc116995848]Conclusion
In this paper we have presented Nokia’s views on RRM impacts for MIMO evolution. As part of this discussion the following observations and proposals are derived: 
Observation 1: With full slot SRS transmission, the distance between SRS symbols can be large in comparison to the guard period and switching time.
Proposal 1: RAN4 to discuss requirements for Rel-17 Full slot SRS transmission considering the cases below:
a.	Scenario 1: 1 SRS symbol transmitted and synchronized aggressor/victim cells
b.	Scenario 2: More than 1 SRS symbol transmitted and synchronized aggressor/victim cells
c.	Scenario 3: 1 SRS symbol transmitted and asynchronized aggressor/victim cells
d.	Scenario 4: More than 1 SRS symbol transmitted and asynchronized aggressor/victim cells
Observation 2: On Scenario 2, interval between SRS transmissions may be enough to allow the UE to transmit PUSCH/PUCCH.
Proposal 2: RAN4 to define requirements SRS requirements for Scenario 2 considering interruption length in symbols.
Observation 3: Enhancements to SRS in Rel 18 might be already covered by full slot requirements if guard period and switching time are unchanged by RAN1.
Proposal 3: RAN4 to postpone discussion on Rel 18 SRS enhancements until there is definition from RAN1 if guard period and switching time is changed in Rel 18.
Proposal 4: RAN4 to consider the RRM impact of simultaneous UL transmission on the requirements for unified TCI extension.
Observation 4: The GBBR is currently only used for reporting best pair to be used for DL.
Observation 5: A different pair of beams might be more suitable for simultaneous UL transmission due to for example maximum permissible exposure (MPE).
Proposal 5: Send LS to RAN1 on how UL group can be reported for simultaneous transmission.
Proposal 6: Reuse multi-Rx agreement that group based beam reporting rel-17 is prerequisite for simultaneous reception for the extension of the unified TCI framework for mTRP.
[bookmark: _Toc116995849]
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