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Introduction
In RAN4#107 meeting, the RRM impacts of R18 MIMO evolution were discussed and the following agreements have been captured in WF [1], and the following aspects need to be further studied
	· TRS based TDCP reporting 
· SRS enhancements


In this contribution, we will further study whether need to define RRM requirements for the above aspects.
Discussion
TRS based TDCP reporting
The existing configurations of reportQuantity in a CSI report generally can be summarized as two sets. One set of reportQuantity is used to indicate UE to perform L1-RSRP/L1-SINR measurements for beam management purpose. Another set of reportQuantity is used to indicate UE to perform measurements and calculate the CSI parameters for demodulation purpose. For TRS-based TDCP reporting, the reportQuantity in a CSI report is set as ‘tdcp’ which is a new type of reportQuantity. Whether to define RRM requirements for TDCP relies on whether the reportQuantity ‘tdcp’ is considered as a new type of CSI parameters or considered as a new type of BM measurements.
In RAN1#112bis e-meeting, the following agreements were achieved for TDCP reporting.
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· All the TRS resources in the configured resource set(s) share the same RE locations
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, slot offset between TRS resource set(s), relation with resource set used for legacy usage  


For a TRS resource set, UE assumes the same antenna port for all the CSI-RS resources in the resource set. For TRS based TDCP reporting, all the TRS resource sets are assumed to share the same QCL information. Hence, UE can assume the same QCL relationship for all the TRS resources in the configured resource set(s) for TDCP reporting. Besides, all the TRS resources in the configured resource set(s) share the same RE locations. 
Observation 1: For TRS-based TDCP reporting, all the TRS resources in the configured resource set(s) can be assumed to share the same QCL relationship and the same RE locations.
RAN1 achieved the following agreements on the priority of CSI report with TDCP reporting.
	Conclusion:
For the Rel-18 TRS-based TDCP reporting, there is no consensus on specifying a new priority rule. Therefore, the priority of the CSI report(s) associated with TDCP reporting is the same as CSI report(s) not carrying L1-RSRP or L1-SINR.


It can be observed that CSI report with TDCP reporting have the same priority as the CSI report not carrying L1-RSRP/L1-SINR, which means that CSI report with TDCP reporting have the same priority as the CSI report carrying RI/PMI/CQI (i.e. CSI parameters).
Observation 2: For TRS-based TDCP reporting, the CSI report with TDCP reporting have the same the priority as the CSI report(s) not carrying L1-RSRP or L1-SINR.
For TDCP reporting, the difference between the TRS resources is the time-domain location, and UE is required to report the quantized wideband normalized amplitude/phase for each delay, and the corresponding RAN1 agreements are summarized as follows: 
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
· FFS: Whether Y=7 is also supported 

Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)

Agreement
For the Rel-18 TRS-based TDCP reporting, for a configured value of Y and a set of configured delay values {D1, …, DY}, for the n-th delay Dn (n=1, …, Y), the respective TDCP calculation is defined as wideband normalized correlation between two TRS symbols separated by Dn symbols


One amplitude/phase value is associated to a delay between different TRS resources rather than associated to a TRS resource.
Observation 3: For TRS-based TDCP reporting, the normalized amplitude value is associated to a delay between different TRS resources rather than associated to a TRS resource.
RAN1 achieved the following agreements on the quantization of wideband normalized amplitude/phase value.
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of wideband normalized amplitude value, support only (Alt3) N=2Q where Q=4, s=½
· Note: This does not preclude an “invalid” autocorrelation value report.

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of phase value, (Alt3) a given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization).


The normalized amplitude/phase value calculated based on the measurements on different TRS resources will not be used directly and need to be quantized according to the quantization designed in RAN1. The wideband normalized amplitude value is quantized based on the 4-bit non-uniform quantization, which can be shown as Table 1.
Table 1: Quantization of amplitude value for TDCP reporting
	Value of  
	Value of amplitude 

	0
	0.99609375

	1
	0.994475728

	2
	0.9921875

	3
	0.988951457

	…
	…

	12
	0.75

	13
	0.646446609

	14
	0.5

	15
	0.292893219


The reported wideband normalized amplitude is within the range of [0~1]. The quantization step is quite different between when the normalized amplitude value is close to 1 and when the normalized amplitude value is close to 0. It is difficult to define a certain measurement accuracy requirement.
Observation 4: For TRS-based TDCP reporting, the quantization design of the normalized amplitude makes it difficult to define a certain measurement accuracy requirement.
The reportQuantity ‘tdcp’ is configured in CSI report for aiding gNB determination of codebook switching and SRS periodicity. Besides, based on the quantization design of the reported wideband normalized amplitude for TDCP reporting, it can be observed that the reportQuantity ‘tdcp’ is more similar as a new type of CSI parameters rather than a new type of beam management measurements. Hence, there is no need to define RRM requirements for TDCP reporting.
Proposal 1: It is suggested not to define measurement delay and accuracy requirements for TRS based TDCP reporting.
SRS enhancements
In last RAN4 meeting, the way forward for RRM impacts of SRS enhancement for 8 Tx UL operation are as follows:
	Issue 1-2-2: Whether to specify RRM requirements for Rel-18 SRS enhancement for 8TX UL?
· FFS:
· Reuse legacy SRS switching RRM requirements for 8TX UL


Some companies mentioned that 8Tx enhancement may have impacts on SRS antenna port switching requirements. Based on conclusion in Rel-17 FeRRM when the requirements for SRS AS was introduced, two scenarios were considered:
· Scenario 1: One SRS symbol is configured in a slot for antenna port switching.
· Scenario 2: Other SRS configurations for antenna port switching.
Besides, it was assumed that SRS symbols are allocated at the last 6 symbols in a slot.
Observation 5: In existing requirements for SRS antenna port switching, SRS resource for antenna port switching are assumed to be allocated in the last 6 symbols in a slot. 
Based on the comments in the last meeting, some companies state that the above assumption needs to be revisited to support 8 Tx. The related RAN1 agreements are quoted as follows.
	Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.

Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.

Conclusion
There is no consensus on the support of the following feature in RAN1:
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM, support TDM factor s = 4.



Based on above RAN1 agreements, it could be observed that the 8 ports SRS resource mapping could be further categorized into following cases:
· Case 1: 8 ports SRS resource is mapped to each OFDM symbols
· Case 2: 8 ports SRS resource is mapped in TDM manner, where 8 ports are equally partitioned into subsets.
For case 1, there is no significant difference compared with legacy UE capabilities for SRS AS (e.g. 2t2r, 4t4r), the only difference is the number of ports mapped to the SRS resource. For case 2, it can also be covered by scenarios 2 as mentioned above. 
Companies also commented that SRS location in any position within a slot shall be considered for 8 Tx. However, this functionality was already introduced since Rel-16 which is not directly related to the supporting of 8 Tx for SRS AS.
	srs-StartAnyOFDM-Symbol-r16
Indicates whether the UE supports transmitting SRS starting in all symbols (0 to 13) of a slot. This capability is also applicable to a frequency band that does not require shared spectrum access.
	Band
	No
	N/A
	N/A


Observation 6: SRS located in any symbols within a slot was introduced in Rel-16 which is not directly related to the supporting of 8 Tx for SRS AS.
Based on the analysis above, it seems the existing categorization of SRS configuration for SRS AS can still fit the “t8r8” capable UE. Thus, there is no RRM impacts of SRS enhancement.
For Rel-18 SRS enhancements for 8 TX UL, only S = 2 is agreed in RAN1, so it does not make any different compared with 1t2r and 2t4r UE. 
Observation 7: Only s = 2 is agreed in RAN1 which makes no difference on number of symbols compared with 1t2r and 2t4r capability.
For Rel-17 Full slot SRS transmission, if companies want to fixed the issue as a whole, we think it is a reasonable approach. However, it should not be discussed under this WI for 8 Tx. Companies may need to investigate all xTxR capability and all possible cases for SRS resource allocations (number of symbols and locations of each symbols). We think it can be further discussed in further release. If the requirements are updated only for 8T8R, we may face the problem them that a particular xTyR capability is treated differently, we cannot guarantee that the requirements can be updated accordingly for other xTyR in future release. 
Observation 8: Requirements enhancement for SRS AS can be discussed in further release, which is not specific to 8Tx. The workload is considerable which should not be discussed under 8Tx in Rel-18 MIMO.
Proposal 2: Legacy SRS AS requirements can apply to 8Tx. Requirements enhancement for SRS AS (e.g. SRS located in any symbols) can be considered in future release.

Conclusions
In this paper we provided our analysis on RRM impacts for R18 MIMO evolution. The followings are provided.
Observation 1: For TRS-based TDCP reporting, all the TRS resources in the configured resource set(s) can be assumed to share the same QCL relationship and the same RE locations.
Observation 2: For TRS-based TDCP reporting, the CSI report with TDCP reporting have the same the priority as the CSI report(s) not carrying L1-RSRP or L1-SINR.
Observation 3: For TRS-based TDCP reporting, the normalized amplitude value is associated to a delay between different TRS resources rather than associated to a TRS resource.
Observation 4: For TRS-based TDCP reporting, the quantization design of the normalized amplitude makes it difficult to define a certain measurement accuracy requirement.
Proposal 1: It is suggested not to define measurement delay and accuracy requirements for TRS based TDCP reporting.
Observation 5: In existing requirements for SRS antenna port switching, SRS resource for antenna port switching are assumed to be allocated in the last 6 symbols in a slot. 
Observation 6: SRS located in any symbols within a slot was introduced in Rel-16 which is not directly related to the supporting of 8 Tx for SRS AS.
Observation 7: Only s = 2 is agreed in RAN1 which makes no difference on number of symbols compared with 1t2r and 2t4r capability.
Observation 8: Requirements enhancement for SRS AS can be discussed in further release, which is not specific to 8Tx. The workload is considerable which should not be discussed under 8Tx in Rel-18 MIMO.
Proposal 2: Legacy SRS AS requirements can apply to 8Tx. Requirements enhancement for SRS AS (e.g. SRS located in any symbols) can be considered in future release.
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