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1 Introduction
In RAN4#108 meeting, there are some remaining issues regarding to RRM requirement for FeMIMO. In this contribution, we will further discuss the following issues:
	· SRS
· TDCP accuracy requirement


2 Discussion
2.1 SRS
	Issue 1-2-1: Whether to specify RRM requirements for Rel-18 SRS enhancement for 8TX UL?
Way forward:
· Option1: (MediaTek)
· If S=8 (subsets factor) is agreed in RAN1, then RAN4 should specify RRM requirement for SRS enhancement in this WI. 
· Option 2: (Samsung, Huawei, vivo)
· Not to specify new SRS switching RRM requirements for 8TX UL. Legacy requirements of Interruptions at NR SRS antenna port switching can be reused. 



According to RAN1 conclusion, s=4 will not be supported. 
	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.



Therefore, s=8 will not be supported either. Therefore, new SRS switching RRM requirement can be discussed in future release.

Proposal 1: Not to specify new SRS switching RRM requirements for 8TX UL in Rel-18.
2.2 TDCP accuracy requirement

	Issue 1-1-2: Whether to define TDCP measurement accuracy requirements?
Agreement:
· Further identify feasibility of methodology and test setup to define TDCP accuracy requirements including at least ideal TDCP definition, channel models
· Define TDCP accuracy requirements subject to conclusions of feasibility analysis



In last meeting, some company comments that TDL-C channel has been assumed for BFD and RLM test. Here, we would like to clarify that these test cases are defined for functional or procedure verification and it’s not used for measurement accuracy test. In legacy measurement accuracy related test case, only AWGN channel is assumed for all L1 and L3 measurement.

Observation 1: TDL-C channel has been assumed for BFD and RLM test for functional verification. In legacy measurement accuracy related test case, only AWGN channel is assumed for all L1 and L3 measurement.

2.2.1 Quantization impact on TDCP accuracy requirement
The channel correlation amplitude will be quantized and mapped to an index with 4 bits. The mapping is non-uniformed, which is defined in RAN1：
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For a CSI-ReportConfig with higher layer parameter reportQuantity set to ‘tdcp’ and higher layer parameters  and , the reported TDCP amplitude(s) corresponding to the  configured delays are indicated by


and the corresponding amplitude values are obtained from: , for , where the mapping from  to  is given in Table 5.2.1.4.5-1.
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The quantization step is quite different. When the normalized amplitude is close to 1, the quantization step is quite small, e.g. 0.002. while the quantization step is 0.1~0.2 when it’s close to 0.3. The same measurement error may result in different mapping results. Suppose the accuracy requirement is defined as 0.1. If the Genie value is 0.3 and measured value is 0.4. there is 0.1 difference. Genie and measured value will be mapped into the same index and there is no report error. UE satisfied the accuracy requirement. However, if the genie value is 0.996 and measured value is 0.896, they will be mapped into different index, there is reporting index error. For the range close to 1, even the measurement error is still 0.1, there will large index difference. Therefore, it’s hard to define a general accuracy requirement for all ranges. 
Observation 2: It’s hard to define a general accuracy requirement for all ranges since the quantization step is quite different.
Besides, the quantization step is 0.002 when close to 1, if the accuracy is defined at this order of thousandths, it’s quite difficult to satisfy so small value by considering measurement error. 
Observation 3: The quantization step is 0.002 when close to 1, if the accuracy is defined at this order of thousandths, it’s quite difficult to satisfy so small value by considering measurement error.
Proposal 1: It’s difficult to define a general accuracy requirement for all ranges since the quantization step is quite different. It’s quite difficult to satisfy the accuracy of thousandths by considering measurement error.
2.2.2 Feasibility on test method of TDCP accuracy 
Next, we will analyze the possible method to test TDCP accuracy and the related issues.
There are two possible ways to test TDCP accuracy:
· Compare instant channel correlation value
· Compare statis channel correlation value
Compare Instant channel correlation value 
One method to test channel correlation accuracy is that measured channel correlation is compared with Genie channel correlation for each TRS pair at each time instance. Take Fig.1 as example, suppose D = 1. TE can know the ideal channel coefficient corresponding to each TRS and then calculate the instant correlation value by a TRS pair, e.g. correlation value between (TRS0, TRS1) or (TRS2, TRS3). Please note that since it’s fading channel, the correlation value between (TRS0, TRS1) and (TRS2, TRS3) may be different according to doppler spread.


Fig.1 TRS pair for calculation in time domain
Observation 4: For fading channel, the instant Genie correlation value between different TRS pair is different.
However, for the UE side, which TRS pair will be used for calculation is up to UE implementation. There is no mechanism agreed in RAN1 to decide the TRS instances used for the calculation of the TDCP. 
As illustrated in figure 1, two different pairs of TRS resources can be used for delay value D = 1 slots. The two measured correlation value may be different. Furthermore, UE may even average the results. Please note that Fig.1 is just one example of TRS pair selection. UE may choose TRPs pair by different CSI-RS resource set or choose different TRPs pair at different time instance. Since TE didn’t know which TRS pair UE will use and whether UE will apply averaging, it’s hard for TE to decide the genie correlation value corresponding to the measured correlation value reported by UE. There may be mismatch between Genie channel correlation value and measured channel correlation value for different TRS pairs. 
As discussed before, since the quantization step is quite smaller, the accuracy requirement value will be small. The possible mismatch between Genie TRS pair and measured TRPs pair will have large impact on the test performance.
Observation 5: There is no mechanism agreed in RAN1 to decide the TRS instances used for the calculation of the TDCP. TE didn’t know which TRS pair UE will use. it’s hard for TE to decide the genie correlation value. 
In legacy measurement accuracy test, AWGN channel is assumed, there is no such issue. Take L1-RSRP measurement accuracy test as example, for AWGN channel, the received signal is transmitted signal plus noise. The channel coefficient is always 1. For each instance, the ideal RSRP value will be the same and equal to the transmit useful signal power. This is no such mismatch issue. 
Compare Statistic channel correlation value
Another option is to test the channel correlation value by statistic method. For typical U-shape doppler spread spectrum, the theoretical time correlation value is the Bessel function. According to different D, different Genie correlation value can be obtained as baseline. However, Bessel function is theoretical value which involve many parameters, it’s hard to guarantee that time domain correlation of generated channel model satisfies Bessel function. 
Observation 6: Bessel function is theoretical value which involve many parameters, it’s hard to use correlation value derived from Bessel function as baseline.
Proposal 2: It’s hard to test TDCP accuracy requirement as it’s difficult to decide the Genie value if fading channel is assumed.
2.2.3 Feasibility of tight accuracy requirement
As discussed before, the whole amplitude of correlation value is compressed into [0,1]. when close to 1, the quantization step is nearly 0.002(thousandths), when close to low range, the step is 0.1~0.2. it’s FFS whether accuracy will be defined at the order of thousandths, percentile or tenth. 
Next, we will provide some simulation results to quick check under what condition UE can satisfy the accuracy with the order of thousandths, percentile or tenth. For simplicity, we will assume AWGN to test the accuracy. If AWGN channel is used, the ideal Genie correlation amplitude is 1. It’s simple to roughly check the difference between estimated value with Genie value. We understand that AWGN channel will not reflect the channel variation and impact of Dn. Later, if RAN4 agree to define the requirement, fading channel can be assumed to further evaluate the performance in more detail.
Suppose that UE will estimate channel coefficient with TRS pair with 1 slot distance. The correlation value will be calculated based on the following equation.



Where Dn is separation between two TRS symbols. N is subcarrier number. Here we assume that TRS density is 3 and there are total 424 subcarriers for frequency averaging. There is no averaging in time domain. 
For the channel estimation algorithm. We just assume LS algorithm. As the goal for TDCP is to utilize the TRS and extract TRS measurement information from UE side without costing too much computational effort comparing to type II CSI report. Therefore, here we don’t assume more complicated algorithm.
Here, we simulate estimated correlation amplitude for different SNR condition, e.g. SNR = 0dB, 5dB, 10dB and 22dB. The Genie correlation amplitude is 1. As shown in the figure, for SNR = 22dB, the estimated correlation amplitude can be quite close to 1. Accuracy reaches thousandths, with estimated value larger than 0.992. While for SNR = 10dB, the estimated accuracy can roughly reach percentile, with estimated value larger than 0.9 in most cases. For SNR = 5 dB or 0 dB, the accuracy drops greatly, the estimated correlations are around 0.7 and 0.5 respectively. The estimation error is larger than 0.3. For normal L1 measurement accuracy requirement, SNR =-3dB. Therefore, it’s challenging for UE to achieve accuracy requirement with 0.1~0.2. Besides, if accuracy is defined as 0.1~0.2, it is still quite relaxed compared with the quantization step of thousandths and percentile.
Time domain averaging may help to improve the performance. But our concern for time domain averaging is that TDCP is aperiodic reporting, there may not be enough samples for calculation. Besides, the channel will vary with time, the impact of time averaging for fast speed case is FFS.
 [image: ]  [image: ]
(a) SNR = 22dB                           (b) SNR = 10dB
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           (c) SNR = 5dB                               (d) SNR = 0dB
                        Fig.2 estimated correlation amplitude under different SNRs
Observation 7: For AWGN channel, at high SNR, the estimated accuracy can reach thousandths or percentile. While at lower SNR condition, e.g. 5dB or 0dB, the estimated accuracy drops greatly. It’s challenging for UE to achieve accuracy requirement with 0.1~0.2 without time domain averaging.
3 Conclusion
In this contribution, we provide the following proposals:
Proposal 1: Not to specify new SRS switching RRM requirements for 8TX UL in Rel-18.
Observation 1: TDL-C channel has been assumed for BFD and RLM test for functional verification. In legacy measurement accuracy related test case, only AWGN channel is assumed for all L1 and L3 measurement.
Observation 2: It’s hard to define a general accuracy requirement for all ranges since the quantization step is quite different.
Observation 3: The quantization step is 0.002 when close to 1, if the accuracy is defined at this order of thousandths, it’s quite difficult to satisfy so small value by considering measurement error.
Proposal 1: It’s difficult to define a general accuracy requirement for all ranges since the quantization step is quite different. It’s quite difficult to satisfy the accuracy of thousandths by considering measurement error.
Observation 4: For fading channel, the instant Genie correlation value between different TRS pair is different.
Observation 5: There is no mechanism agreed in RAN1 to decide the TRS instances used for the calculation of the TDCP. TE didn’t know which TRS pair UE will use. it’s hard for TE to decide the genie correlation value. 
Observation 6: Bessel function is theoretical value which involve many parameters, it’s hard to use correlation value derived from Bessel function as baseline.
Proposal 2: It’s hard to test TDCP accuracy requirement as it’s difficult to decide the Genie value if fading channel is assumed.
Observation 7: For AWGN channel, at high SNR, the estimated accuracy can reach thousandths or percentile. While at lower SNR condition, e.g. 5dB or 0dB, the estimated accuracy drops greatly. It’s challenging for UE to achieve accuracy requirement with 0.1~0.2 without time domain averaging.
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