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1	Introduction
Based on the discussion and agreements reached in RAN1#116 [2], in this contribution we address the next level issues identified in the table below for the Type-I/II extension for up to 128 ports, the CRI-based enhancements for up to 128 ports and the UE-assisted CJT calibration for nonideal backhaul and synchronisation:
	 
	Issue
	Topic

	1
	Type-I/II 
	Decide Type-I design from the 6 identified schemes, including (O1,O2)/(q1,q2) 

	2
	
	Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation

	3
	
	CMR restriction: legacy or refined

	4
	
	IMR restriction: legacy or refined

	5
	
	Type-II supported parameter combinations: identical vs restricted (subset) of legacy

	6
	
	Type-II SD basis selection indication design

	7
	
	Type-II CBSR RRC overhead reduction

	8
	CRI-based
	Supported value(s) of X

	9
	
	Signaling the value of M: RRC or UE-selected or combo

	10
	
	Supported codebook(s)

	11
	CJT calibration 
	Signaling the value of N in relation to NTRP: N=NTRP or NW-determined or UE-selected

	12
	
	Delay reporting scheme: dynamic range, M

	13
	
	FO reporting scheme: interval vs value, dynamic range, M

	14
	
	Delay and FO reporting: nref selection

	15
	
	Phase reporting support




[bookmark: _Ref54348033]2	Type-I/Type-II refinements for up to 128 ports

2.1	Type II Codebook Refinement
In RAN1#116bis, the following was agreed regarding the extension of Type-II codebooks to up to 128 ports
Agreement(RAN1#116)
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I

One open issue is whether further restrictions are needed on the legacy Rel-16 eType-II design to reduce/limit PMI overhead and/or complexity. In the following simulation results we show that for extended port numbers some parameter combinations do not provide good trade-off between throughput and PMI overhead.  

2.1.1	Simulation results
In Figure 1 and Figure 2 presenting mean and cell-edge UPT gains (%), different combinations based on the Rel-16 eType-II were simulated using a MU-MIMO scheme with adaptive rank selection with max-rank=2 for 64 and 128 CSI-RS ports. In addition, different RU% were considered for running these simulations, specifically 20, 30 and 50%. For the setups with N1=8, N2=4 and N1=16, N2=2 corresponding to 64 CSI-RS ports we may note that the 8 columns azimuth configuration outperforms the 16 columns case by approximately only 1% for the combination 3 up to 8 with L= 4 and L=6. Interestingly, for the combinations 1 and 2 the case is exactly the opposite in which 16 columns tends to work slightly better also by less than 1%. We may say that technically such a negligible gap for the different parameter combination means that both configurations perform quite close. Notice that the configurations with 64 CSI-RS ports provide from 10% to 30% mean UPT gain and 40 to 60% UPT cell edge gain with respect to 32 CSI-RS ports with parameter combination 1 as baseline. We may observe that the gain is increasing proportionally to the RU %. On the other hand, for the configuration with 128 CSI-RS, it exhibits from 14 to 27% increase for the mean UPT gain and 30 to 100% cell-edge UPT gain with respect to the 32 CSI-RS ports baseline.
[bookmark: _Ref163156407]Regarding the CSI bit overhead and the impact on the throughput performance we may also analyse the different configurations and determine those which provide further gain with a bit overhead increase. For the case with L=2 beams both parameter combinations 1 and 2 provide gains clearly differentiable with their respective bit overheads. In contrast for the case with L=4 beams, the gains are less noticeable and configurations with low overhead in particular, parameter combinations 3 and 4  are enough to attain the highest performance for L=4, whereas parameter combinations 5 and 6 could be neglected  considering the additional bit overhead does not provide any benefit. Likewise for parameter combinations 7 and 8  with L=6, we notice that parameter combination 8 do not provide further performance gain despite having larger bit overhead and it could be excluded.
Observation 1. [bookmark: _Ref163162115]Parameter combinations 5, 6, for L=4 and 8 for L=6 from Rel-16 eType-II do not provide further performance gain for 64 ports and 128 ports to be considered.
Proposal 1. [bookmark: _Ref163162012]Regarding parameter combinations for eType-II with 64 ports and 128 CSI-RS ports, support combinations 1, 2 for L=2, combinations 3, 4 for L=4, and combination 7 for L=6.
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[bookmark: _Ref163157253][bookmark: _Ref163157346]Figure 1 Mean UPT gain(%) for 128 vs 64 vs 32 ports Rel16 eType II for combinations 1 to 8 with MU-MIMO, Max rank 2, FR1 4GHz, BW 10MHz and the baseline is 32 ports Combination 1 to Rel 16 eTypeII.
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[bookmark: _Ref163157356]Figure 2 Cell-edge UPT gain(%) for 128 vs 64 vs 32 ports Rel16 eType II for combinations 1 to 8 with MU-MIMO, Max rank 2, FR1 4GHz, BW 10MHz and the baseline is 32 ports Combination 1 to Rel 16 eTypeII.
3	UE-assisted CJT calibration for nonideal synchronisation and backhaul
In RAN1#116 [2], three use cases were agreed for UE reporting of inter-TRP delay offset, frequency offset and phase offset to assist with CJT calibration in nonideal synchronization
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
· For per-TRP frequency offset (FO) reporting:
· Use case 2.1: TRP selection
· Use case 2.2: per-TRP FO compensation at NW side 
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed:
·  For per-TRP DL/UL Rx-Tx phase misalignment reporting: 
· Use case 3.1: TRP selection
· Use case 3.2: per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity (e.g. using both CSI-RS and SRS for measurement)
In all three use cases, one open issue relates to whether a UE reports calibration measurements for all the  configured CSI-RS resources/resource sets or for a selected subset  of resources/resource sets. The following options were identified regarding TRP selection.
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
The motivation for the UE to dynamically select and report  out the  configured TRPs (Option 3) is different than TRP selection for CSI reporting. For inter-TRP delay reporting, if the delay plus delay spread of a TRP with respect to a reference TRP exceeds a certain threshold, for example, the cyclic prefix (CP) length, that TRP should be excluded from the CJT set because it causes inter-symbol interference. Conversely, for inter-TRP frequency offset and phase offset reporting, measurement noise may be of concern if the signal of CSI-RS resources/resource sets is received with low power.
A problem with UE dynamic indication of TRP selection (Option 3) is the need to introduce a variable-size Part 2 in the CSI report, alongside a fixed-size Part 1 where the TRP selection indication is reported, because the payload size depends on the number of selected TRPs. A configurable payload-size CSI report, with payload size dependant only on configuration parameters has the advantage, from NW perspective, of simplifying the PUSCH resource allocation and the dropping/omission rules to handle cases when the resource on PUSCH is not sufficient to accommodate all the reports. 
On the other hand, Option 2 does not seem to have strong technical justification because the gNB does not know in advance which TRPs should be excluded from calibration reporting.
Observation 2. [bookmark: _Ref163156316]For CJT calibration reporting, regarding TRP selection, Option 3 ( is UE selected) requires adding a variable payload size Part 2 to the CSI report and the same result can be achieved by introducing an invalid/out-of-range entry in the quantisation codebook. Option 2 does not have strong technical justification because the gNB does not know in advance which TRPs should be excluded from calibration reporting.

Proposal 1. 
Proposal 2. [bookmark: _Ref163162284]Regarding TRP selection for calibration reporting, support reporting calibration measurements relative to a reference TRP for all  configured TRPs, except the reference TRP.
Proposal 3. [bookmark: _Ref163162302]Regarding TRP selection for calibration reporting, support introducing an “invalid” state associated with one of the quantisation indices used to report a calibration measurement. For delay offset reporting, the “invalid” state corresponds to “out-of-range”. For frequency offset and phase offset reporting, the “invalid” states indicates that a measurement is not reliable.
Proposal 4. [bookmark: _Ref163162318]Regarding the UCI payload structure for TRP calibration reporting, support Part 1 only reports on PUSCH.
Another open issue common across the three calibration reports is the choice of reference TRP, which could be fixed, NW-configured, or included in the report (selected by the UE). Compared to fixing or configuring the reference TRP by the network, UE selection of the reference TRP has the advantage of halving the dynamic range of the quantiser.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. [bookmark: _Ref163162338]Regarding the reference TRP for calibration reporting and the quantisation range, support UE selection and reporting of reference TRP and nonnegative values for the quantisation range, between  and  for delay offset,  and  for frequency offset and  and  for phase offset.
If the quantisation range of the reported calibration measurements is nonnegative and a UE selects and reports the reference TRP, this is naturally selected as the TRP with the lowest delay/frequency/phase absolute measurement. However, the TRP with the lowest measurement may be a TRP with an unreliable measurement, because, by definition, the relative calibration measurement for the reference TRP is assumed to be 0 and not reported. To ensure that all the non-invalid reported calibration reporting are reliable regardless of UE implementation choices, and that the reference resource/resource set, which is not reported, has good enough signal quality, the gNB configures, by higher layer signalling, a condition as an RSRP threshold, , relative to the largest RSRP amongst the  configured resource/resource set. A UE reports the relative calibration measurement of a CSI-RS resource/resource set, , as “invalid” if the RSRP of CSI-RS resource/resource set  is lower than  dBs relative to the maximum of the  measured RSRPs, . Similarly, a UE would select as reference TRP the TRP with the lowest measurements amongst those with RSRP between the maximum and the configured threshold.
Observation 3. [bookmark: _Ref163162213]For a nonnegative quantisation range and UE selection and reporting of the reference TRP, the selected TRP corresponding to the lowest measured calibration quantity may not offer reliable reference because its relative measurement is assumed 0 and not reported.
Proposal 6. [bookmark: _Ref163162354]Regarding the introduction of an “invalid state” for calibration reporting, support RRC configuration of a condition to determine when a TRP is invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured resource/resource set.
Figure 2 illustrates an example of inter-TRP frequency offset (FO) reporting with invalid state reporting and RSRP threshold configuration. In the example,  CSI-RS resources/resource sets are configured for measurement and reporting of frequency offset differences between  resources/resource sets and a reference resource/resource set. The top part of the figure illustrates the configured quantisation range for the frequency offset differences [0, ] and the measured values of FOs for the 4 CSI-RS resources/resource sets. The middle part of the figure illustrates the measured RSRP values and the configured RSRP threshold . The CSI-RS resources/resource sets 3 and 4 are reported as invalid because their RSRP is smaller than  dB, where . The selected reference resource/resource set is the one with lowest FO amongst the resources/resource sets within the range [], i.e., resource/resource set 1. Therefore, the FO offset difference between resource/resource set 2 and the reference is reported, after quantisation as . The bottom part of the figure illustrates the quantisation values reported for the  CSI-RS resources/resource sets other than the reference.
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[bookmark: _Ref163047482]Figure 3. Illustration of “invalid state” for FO measurement defined in RRC by an RSRP threshold. Reference TRP is UE selected amongst the valid TRPs such that the reported measurements are nonnegative.

3.1	Inter-TRP delay offset
In RAN1#116, two use cases where agreed for inter-TRP delay offset reporting
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
· … 

In a CJT transmission, the receive timing difference between the signals transmitted by antennas of two transmitting TRPs, at a UE, is the combination of a TRP relative time alignment error (TAE) and an RF propagation delay difference, as shown in Figure 3
	
	(3)
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[bookmark: _Ref162382310]Figure 4. Illustration of timing difference between two TRPs as measured by a UE.
For a single TRP or co-located/intra-site deployments, where  between signals transmitted from different transmit antennas, the maximum TAE for MIMO transmission is specified in TS 38.104, Sec. 6.5.3.2 [4] as . However, for inter-site deployments, where  there is no clear indication of what the maximum TAE should be. In RAN1#116, as part of the EVM assumptions for UE-assisted CJT calibration, it was agreed to model this inter-site TAE as in TR 38.855 for positioning, i.e., with a truncated Gaussian distribution in [-200ns,+200ns] and standard deviation , or with a uniform distribution in the interval .
The motivation for delay compensation is when the inter-TRP delay exceeds the delay range that can be resolved by the PMI calculation. If PMI is calculated with a frequency granularity of a subband, then 1/subband is the maximum delay that can be resolved and any delay larger than this cause aliasing in the delay domain, resulting in a mismatch between the PMI and the actual composite CJT channel formed by the two TRPs. This problem is illustrated in the following two examples. In the first example, the composite CJT impulse response is within the CP, so there is no inter-symbol interference (ISI) in the system. Figure 4 (a) shows the actual composite CJT channel for a UE. Figure 4 (b) illustrates the effect of introducing discrete granularity in the frequency domain for the PMI calculation, with frequency unit equal to one PMI subband. This causes the periodic repetition of the delay profile with period 1/PMI subband. Figure 4 (c) shows that no delay compensation is needed because the precoding weights match the actual channel up to a common delay offset, which does not impact performance.
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[bookmark: _Ref162394107]Figure 5. Example of a composite CJT channel delay profile within the delay range resolvable by the PMI frequency granularity. The precoder matches the channel up to a common delay offset. No delay compensation is needed.
In a second example, the composite CJT channel of two TRPs exceeds the delay range that can be resolved by the PMI frequency granularity, as shown in Figure 5 (a). In this case aliasing occurs in the observed delay range as illustrated in  Figure 5 (b) and a delay compensation for TRP 2 with respect to TRP 1 is needed for the precoder to match the actual composite CJT channel as shown in Figure 5 (c).
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[bookmark: _Ref162396600]Figure 6. Example of a composite CJT channel delay profile exceeding the delay range resolvable by the PMI frequency granularity. The precoder does not match the channel because of different delay offsets. Delay compensation is needed for TRP 2 with respect to TRP 1.
If the gNB knows which time interval the relative delay offset falls in, it can compensate for it such that the precoding weights match the actual relative delays of the CJT channel. If a relative delay offset exceeds the limit of delay compensation that can be applied by the gNB, a TRP may be excluded from CJT.
Observation 4. [bookmark: _Ref163162234]For inter-TRP delay offset reporting, for delay compensation to be effective, the quantisation intervals can be equal to 1/subband size. The quantisation range should span multiple such intervals up to 1/PRB size (for normal CP) or 3/PRB size (for extended CP)
The CP length depends on the subcarrier spacing (SCS), , as follows

Note that, according to TS 38.211, the extended CP can only be configured for 60KHz SCS. In comparison, the timing offset values reported with Mode 1 in Rel18 CJT CSI are:  with minimum offset , which corresponds to a uniform quantisation of the time interval: , where the PMI subband size, , is given by the number of PRBs per PMI subband, , times the PRB size in frequency.
In RAN1#116, the following was agreed for delay offset reporting
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption

Note that the quantisation alphabets in both Alt 1 and Alt 2 should comprise  quantisation intervals , for , with  for Alt 1 and , and with  for both Alt 1 and Alt 2. One additional quantisation interval is Therefore, the two quantisation alternatives should be described as follows:
· Alt 1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt 2:  is uniformly spaced between -AD and AD, i.e. , with 
and each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’.
Proposal 7. [bookmark: _Ref163162375]Regarding the quantisation for delay offset reporting, support Alt 1 with the following correction:
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  represents ‘out-of-range’ 
 
Proposal 8. [bookmark: _Ref163162462]Regarding the quantisation range for delay offset reporting, support two RRC configurable values of , where  is the SCS.
Proposal 9. [bookmark: _Ref163162625]Regarding the quantisation alphabet for delay offset reporting, support .
Proposal 10. [bookmark: _Ref163231701]Regarding the predefined range associated with the one-bit indicator , support the range .


3.1.1	Simulation results
Figure 7.a depicts mean UE throughput performance with and without time offset compensation for ISD=500m. As shown, with an ISD=500m about 6-8% performance loss is incurred in the case of time offset without compensation. Only a part of this loss can be compensated by estimating the composite delay offset and applying proper compensation. However, the loss from the intersymbol interference (ISI) due to the composite delay exceeding the CP length cannot be compensated.  In Figure 7.b, the performance loss from time offset is depicted for an ISD=200m. Lower performance loss can be shown compared to Figure 7.a, that is due the lower propagation delays in smaller cells.
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[bookmark: _Ref163229919]Figure 7– Mean UE throughput performance with ISD equal to a) 500m and b) 200m with and without time offset
Figure 8.a and b, depict the performance of time offset compensation with quantizer discussed in Section 4.1, for ISD=200 and 500m. As observed the scheme with a 3 bits quantizer provides a slightly better approximation with respect to 2 bits over the non-quantized case for larges ISDs, i.e., 500m. However, the difference between 2 and 3 bits is really negligible for smaller ISDs as it happens with the 200ms. Still we may say that the quantization is not the major issue but as mentioned before the impossibility to compensate the inter-symbol interference (ISI).
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[bookmark: _Ref163230191]Figure 8 – Mean UE throughput performance with ISD equal to a) 500m and b) 200ms showing impact of quantization

3.2	Inter-TRP frequency offset
In RAN1#116, the following details for frequency offset reporting were agreed
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 
As discussed in the general section for all calibration measurement reports, UE selection of the reference TRP has the benefit of avoiding TRPs that have poor RSRP making the relative measurement unreliable even if the reported TRP has good RSRP.
Proposal 1. [bookmark: _Ref163162642]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. [bookmark: _Ref163231952]Regarding frequency offset reporting, support UE selection and reporting of reference CSI-RS resource/resource set.
Proposal 12. [bookmark: _Ref163162657]Regarding the quantisation for frequency offset reporting, support Alt 1 with uniform quantisation between 0 and .
Proposal 13. [bookmark: _Ref163162673]Regarding the quantisation for frequency offset reporting, support the introduction of an “invalid state” as one of the quantisation values, and an RRC configuration defining the condition for a TRP to be invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured TRP.
Regarding the unit used for reporting frequency offset measurement, absolute unit of Hz has the disadvantage of having to configure different quantisation ranges depending on the carrier frequency and assumed CFO accuracy. For example, a frequency offset accuracy of , for TRPs transmitting at 2GHz carrier frequency, leads to frequency offsets in the range , and a maximum relative frequency offset of 200Hz, between two TRPs. The maximum frequency offset increases linearly with the carrier frequency. On the other hand, relative unit normalised with respect to subcarrier spacing has the advantage of restricting the quantisation range and providing better accuracy for the quantisation
Proposal 1. [bookmark: _Ref163162685]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. [bookmark: _Ref163231990]Regarding the unit of  support relative unit as a fraction of SCS.

3.3	Inter-TRP UL/DL rx-tx phase offset
In TDD operations, the gNB may use SRS measurement to acquire DL channel information by relying on UL-DL channel reciprocity, if SRS sounding is possible and of good enough quality. Self-calibration of the antenna arrays is typically performed by a gNB to compensate phase differences between the antenna elements with respect to a reference antenna element. The calibration of the receiving antennas is typically performed separately from the calibration of the transmitting antennas, although the same antenna element is typically used for reference. Because of hardware differences in the receiving and transmitting radio circuitry, a phase difference typically exists between tx and rx antennas, which is unknown to the gNB. This tx-rx phase difference can be assumed common for all antenna elements of a TRP, but it is different between different TRPs.
DL transmission of a MIMO layer from a single TRP is not affected by this tx-rx phase offset, if it is common across all the antennas transmitting the MIMO layer. Hence, single-TRP and NCJT DL transmission are not affected by this phase offset. However, CJT transmission is impacted because, say  the tx-rx phase difference for TRP , the DL signal transmitted from each TRP will be affected by a different phase offset. Hence coherent transmission cannot be achieved between multiple TRPs unless these phase offsets are accounted for in the MIMO precoder.
A solution to this problem is for the gNB to obtain an estimate of this tx-rx phase calibration error for each TRP relative to a reference TRP, i.e., an estimate of the phase offset , for all TRPs except the reference TRP, and apply a corresponding phase compensation to the DL signal transmitted from TRP . This phase compensation can be relative to a reference TRP because a phase error, , common across all the transmit antennas does not impact performance.
Figure 6 illustrates a model for tx-rx phase offsets at the TRPs and UE in a TDD system, where it is assumed each TRP performs self-calibration of the antenna array separately for UL reception and DL transmission. The phase offsets at TRP  are indicated by  and  for transmission and reception, respectively and they are assumed the same for all tx and rx antenna ports of that TRP. The phase offsets at the UE are indicated by  and  for transmission and reception, respectively, from antenna port . We assume that no phase calibration is performed by the UE on the transmit or receive antennas. The DL channel from TRP  to UE antenna , for a generic subcarrier, is denoted by the row vector, , where  is the number of antennas for each TRP. The corresponding UL channel is denoted by the column vector , and under perfect UL-DL channel reciprocity, . In the model, we assume that  is the UL transmitted EPRE from UE tx antenna  and that  is the transmitted EPRE from TRP .
Let us assume  are the beamforming weights of choice, calculated by the gNB from SRS received by TRP , and corresponding, for example, to the strongest beam from TRP  to the UE. The gNB measures the phase difference between the signals received by TRP  and the reference TRP, and transmitted by SRS port , , for example,
	
	(4)



The gNB then sends a CSI-RS resource/resource set beamformed by the same weights from each of the configured TRPs: for example a one-port TRS resource set from each TRP, or a single CSI-RS resource set with  resources, or a single CSI-RS resource set with a single resource having  ports, where each resource or port corresponds to a signal transmitted from a TRP. The UE measures and reports the phase difference between the CSI-RS signals transmitted by TRP  and the reference TRP, and received by antenna , 
	
	(5)


Under the assumption of UL-DL channel reciprocity, and if the SRS port  measured by the gNB corresponds to the UE antenna port  used for UE measurement, the gNB can calculate the phase offset  from the difference between the two measurements,  and , i.e., 
	
	[bookmark: _Ref534994984][bookmark: _Ref534994990](6)


Therefore, a phase offset measurement reported by the UE needs to be measured from a single antenna port and the gNB needs to know which UE antenna port the reported measurement corresponds to. Note that multiple measurements taken by different UE antenna ports may be reported by a UE for each reported TRP.
Observation 1. [bookmark: _Ref163162253]For phase offset measurements performed on non-MRT precoded reference signals, the gNB needs to know which UE antenna port a reported measurement corresponds to, such that the channel phase component can be removed.
The same UE antenna port can be used to measure the phase offset for all configured TRPs with respect to a reference TRP.  Furthermore, for a UE with multiple antenna ports, it may be advantageous to leverage measurements from each UE antenna port, thereby providing additional estimates of the same phase offsets for the configured TRPs, which can improve the accuracy of the phase offset estimation.  This invention aims to provide a solution to the problem of managing the use of multiple UE antennas when performing UE-assisted cross-TRP calibration.
[image: ]
[bookmark: _Ref161753300]Figure 9. Tx-rx phase offsets at the TRPs and UE for CJT in a TDD system.

Proposal 15. [bookmark: _Ref163162706]For phase offset reporting in TDD operation, support UE selection and indication of the SRS port(s) corresponding to the reported measurement(s).
In RAN1#116, the following details were agreed regarding the measurement and reporting of DL/UL phase offset in TDD operation
Agreement(RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design

Regarding the reference TRP selection and the quantisation range, similar arguments apply as for frequency offset reporting, to support UE selection and reporting of the reference TRP and quantisation range from 0 to .
Proposal 1. [bookmark: _Ref163162721]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. 
Proposal 15. 
Proposal 16. [bookmark: _Ref163232007]Regarding phase offset reporting, support UE selection and reporting of reference CSI-RS resource/resource set.
Proposal 17. [bookmark: _Ref163162734]Regarding the quantisation for phase offset reporting, support Alt 1 with uniform quantisation between 0 and .
Proposal 18. [bookmark: _Ref163162748]Regarding the quantisation for phase offset reporting, support the introduction of an “invalid state” as one of the quantisation values, and an RRC configuration defining the condition for a TRP to be invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured TRP.
3.3.1	Simulation results
In Figure 8 we illustrate an example for a Multi-TRP calibration consisting of subset of 4 TRPs being measured by the specific UE served by those CJT subsets. Each TRP counts with 16 antennas and UEs are equipped with 4 receiver antennas. In the example, we select single port measurement per TRP for each of the calibrated subsets. In the example we consider that calibrated coefficient could be reported in a wideband basis. 
As seen in the example, with no quantization restrictions, the left-over error is zero but as we decrease the quantization resolution the percentage of UEs with errors becomes larger. In this example, we have determined that 4bits for instance, provides a very poor resolution of the channel phase offset, and then larger values above 6 bits or more are needed for minimizing such an error.
[image: A group of graphs showing the results of a graph
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[bookmark: _Ref163150899]Figure 10 Estimated left-over error after reporting the calibration reporting quantity after quantization.
Observation 5	For phase offset wideband measurements reported calibration coefficients may need 6 bits quantization or more per reported coefficient.
[bookmark: _Ref158884043]4	Conclusion
Hereafter is a summary of observations and proposals for Type-II refinements for up to 128 ports
Observation 1	Parameter combinations 5, 6, for L=4 and 8 for L=6 from Rel-16 eType-II do not provide further performance gain for 64 ports and 128 ports to be considered.
Proposal 1	 parameter combinations for eType-II with 64 ports and 128 CSI-RS ports, support combinations 1, 2 for L=2, combinations 3, 4 for L=4, and combination 7 for L=6.

Hereafter is a summary of observations and proposals for UE-assisted CJT calibration for nonideal synchronisation and backhaul
Observation 2	For CJT calibration reporting, regarding TRP selection, Option 3 ( is UE selected) requires adding a variable payload size Part 2 to the CSI report and the same result can be achieved by introducing an invalid/out-of-range entry in the quantisation codebook. Option 2 does not have strong technical justification because the gNB does not know in advance which TRPs should be excluded from calibration reporting.
Observation 3	For a nonnegative quantisation range and UE selection and reporting of the reference TRP, the selected TRP corresponding to the lowest measured calibration quantity may not offer reliable reference because its relative measurement is assumed 0 and not reported.
Observation 4	For inter-TRP delay offset reporting, for delay compensation to be effective, the quantisation intervals can be equal to 1/subband size. The quantisation range should span multiple such intervals up to 1/PRB size (for normal CP) or 3/PRB size (for extended CP)
Observation 5	For phase offset measurements performed on non-MRT precoded reference signals, the gNB needs to know which UE antenna port a reported measurement corresponds to, such that the channel phase component can be removed.

Proposal 2	Regarding TRP selection for calibration reporting, support reporting calibration measurements relative to a reference TRP for all  configured TRPs, except the reference TRP.
Proposal 3	Regarding TRP selection for calibration reporting, support introducing an “invalid” state associated with one of the quantisation indices used to report a calibration measurement. For delay offset reporting, the “invalid” state corresponds to “out-of-range”. For frequency offset and phase offset reporting, the “invalid” states indicates that a measurement is not reliable.
Proposal 4	Regarding the UCI payload structure for TRP calibration reporting, support Part 1 only reports on PUSCH.
Proposal 5	Regarding the reference TRP for calibration reporting and the quantisation range, support UE selection and reporting of reference TRP and nonnegative values for the quantisation range, between  and  for delay offset,  and  for frequency offset and  and  for phase offset.
Proposal 6	Regarding the introduction of an “invalid state” for calibration reporting, support RRC configuration of a condition to determine when a TRP is invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured resource/resource set.
Proposal 7	Regarding the quantisation for delay offset reporting, support Alt 1 with the following correction:
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  represents ‘out-of-range’ 
Proposal 8	Regarding the quantisation range for delay offset reporting, support two RRC configurable values of , where  is the SCS.
Proposal 9	Regarding the quantisation range for delay offset reporting, support two RRC configurable values of , where  is the SCS.
Proposal 10	Regarding the predefined range associated with the one-bit indicator , support the range .
Proposal 11	Regarding frequency offset reporting, support UE selection and reporting of reference CSI-RS resource/resource set.
Proposal 12	Regarding the quantisation for frequency offset reporting, support Alt 1 with uniform quantisation between 0 and .
Proposal 13	Regarding the quantisation for frequency offset reporting, support the introduction of an “invalid state” as one of the quantisation values, and an RRC configuration defining the condition for a TRP to be invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured TRP.
Proposal 14	Regarding the unit of  support relative unit as a fraction of SCS.
Proposal 15	For phase offset reporting in TDD operation, support UE selection and indication of the SRS port(s) corresponding to the reported measurement(s).
Proposal 16	Regarding phase offset reporting, support UE selection and reporting of reference CSI-RS resource/resource set.
Proposal 17	Regarding the quantisation for phase offset reporting, support Alt 1 with uniform quantisation between 0 and .
Proposal 18	Regarding the quantisation for phase offset reporting, support the introduction of an “invalid state” as one of the quantisation values, and an RRC configuration defining the condition for a TRP to be invalid, in terms of RSRP threshold relative to the largest RSRP amongst the  configured TRP.
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Appendix A	SLS assumptions for CSI extension >32 ports
	Parameter
	Value

	Duplex, Waveform 
	FDD

	Scenario
	Dense Urban


	Frequency Range
	4GHz.

	Inter-BS distance
	200m 

	Antenna setup and port layouts at gNB
	· 32 ports: (M,N,P,Mg,Ng,Mp,Np) =(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 64 ports: (M,N,P,Mg,Ng,Mp,Np) =(8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ
· 128 ports: (M,N,P,Mg,Ng,Mp,Np) =(8,8,2,1,1,8,8), (dH,dV) = (0.5, 0.8)λ


	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2


	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	SCS/Number of RBs/Simulation bandwidth
	15kHz/52/10MHz

	MIMO scheme
	MU-MIMO, max rank 2 with rank adaptation


	Traffic model
	FTP model 1 with packet size 2 Mbytes

	Traffic load (Resource utilization)
	30%,50%,70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	Feedback assumption
	Realistic

	Channel estimation
	Realistic





Appendix B	SLS assumptions for CJT
	Parameter
	Value

	Scenario
	Inter-site, outdoor 2A

	Inter-site distances
	500 m, 200 m

	Carrier frequencies
	2 GHz

	Channel type
	DU

	SCS/ Number of RBs/ simulation bandwidth
	15kHz/ 52/ 10MHz

	BS Transmit Power
	Macro: 41 dBm

	BS Height
	Macro: 25m

	BS Antenna Configuration
	16 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,4,2,1,1,2,4)

	UE Distribution
	20% outdoor (30kmph) , 80% indoor (3kmph)

	UE Antenna Configuration
	4 Rx: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	Receiver
	Non-ideal 4RX MMSE

	CJT scheduling set size
	9 TRPs

	CodebookMode 
	Mode 2

	Number of TRPs in CJT CSI reporting ()
	Up to 4 TRPs, gNB configured

	paramComb-CJT-L
	{4,4,4,4}

	Feedback assumptions
	CSI feedback periodicity (full CSI feedback): 5ms,
Scheduling delay (from CSI feedback to PDSCH transmission): 4ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Modulation 
	Up to 256 QAM

	Carrier Frequency Offset (CFO) model
	i.i.d and uniformly distributed for all TRPs in ( with  corresponding to an error of 0.05 ppm

	Relative CFO quantisation 
	4 bits

	Time offset (TO) model
	 
 i.i.d and uniformly distributed for all TRPs in (
ISI modelled

	Relative time offset quantisation
	B=2,3 bits 
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