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1. Introduction
In the RAN#94e meeting, the working item “NR MIMO evolution for downlink and uplink” for Rel-18 is approved. The objectives for DL CSI enhancement include [1]
· Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
-	Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
-	UE reporting of time-domain channel properties measured via CSI-RS for tracking
· Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this technical document, we share our study results and views based on the agreements from the RAN1#111 meeting [2] and the RAN1#110bis-e meeting [3].
2. CSI enhancement for high/medium UE velocities
2.1. [bookmark: _Ref113373137]CQI association and Multiple CQIs
In RAN1#111 meeting, we have the following agreements on the slot association for X=1 CQI and the issue of X>1 CQIs [2]
	Agreement
For the Type-II codebook refinement for high/medium velocities, in one CSI reporting instance, for a given CQI sub-band, at least support including one CQI 
· FFS: The association of the CQI with PMI(s) and/or slot(s) within one duration of CSI reporting window WCSI
· FFS: The support for including more than one CQIs

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), assuming 1 CQI in one sub-band and one CSI reporting instance, down-select (by RAN1#112) one from the following alternatives:
· Alt1. The CQI is associated with the entire duration of the CSI reporting window and all the N4 W2 matrices 
· Alt2A. The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
· Alt2B.  The CQI is associated with the first/earliest d slots of the CSI reporting window and the first/earliest one of the N4 W2 matrices
Note: The N4 W2 matrices represent the combining coefficients before DD compression at the UE, or after DD de-compression at the gNB.
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, decide by RAN1#112 whether including X>1 CQIs in one sub-band and one CSI reporting instance are supported
· If supported, also decide the value(s) of X and the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots)



The slot association of CQI(s) for the various alternatives is illustrated in Figure 1.


[bookmark: _Ref126943169][bookmark: _Ref126943155]Figure 1 CQI association in time domain
The first issue is to decide about the slot association of X=1 CQI. Alt 1 is associated with the entire CSI reporting window and all the  precoding matrices. In this alternative, the channel and precoder towards the end of the window would suffer from poor prediction performance. Further, the inter-cell interference, which cannot be predicted, would be outdated from the one measured during the latest CSI-RS occasion. Because of these two issues, the CQI calculated according to Alt 1 would suffer in performance. To achieve good prediction performance and accurate interference measurement, it is better if the CQI is associated to the slots closer to the start of the window. The same is observed in the simulation results in Figure 2.

[bookmark: _Ref126943351]Figure 2 UPT performance of various CQI association alternatives
For this simulation, we use ideal channel prediction at the UE to avoid the errors of a particular prediction algorithm influence the DD codebook compression and decompression processes. The traffic load is maintained at 40 % RU, to minimize MU-MIMO transmission, since MU-CQI is typically recalculated while pairing (also see below). The remaining simulation assumptions are provided in Appendix II. Since Alt 2A/2B can give a better performance, we support the association of X=1 CQI with the first slot or the first  slots of the CSI reporting window. However, since the UE prediction algorithms would typically predict the channel in slots of integral multiples of the CSI-RS occasions, the UE would need to perform CSI interpolation to obtain per slot channel matrix in Alt 2A. This interpolation can be avoided in Alt 2B, making UE implementation potentially simpler.
Observation 1: For association of X=1 CQI, Alt 2A/2B can provide up to 1% UPT gain over Alt 1.
Proposal 1: For association of X=1 CQI, support Alt 2B, where the CQI is associated with the first/earliest d slots of the CSI reporting window and the first/earliest one of the N4 W2 matrices
The next issue is to decide whether X>1 CQIs are needed and their corresponding slot association. The main argument for X>1 CQIs is to account for changes in the channel over the CSI reporting window. However, we note the following issues for the use of multiple CQIs in real-world networks:
I. The CQI reported by the UE considering SU-MIMO transmission is not directly usable after MU pairing and the gNB recalculates/adjusts the reported CQI for MU-MIMO transmission
II. MCS adaptation by outer loop link adaptation (OLLA) can manage the mismatch between time domain PMI and CQI, if any.
III. The feedback overhead incurred for higher X can be non-negligible, especially with subband CQIs for each time domain CQI.
Further, the simulation results in Figure 2 show that X=2 and X=4 CQIs can achieve 1~1.5 % UPT gain over X=1, Alt 1. The UPT gain is <1 % considering Alt 2A/B. For this UPT gain, the increase in CQI feedback overhead is not justified and it is beneficial to consider CQI overhead reduction by considering differential CQI in time domain.
Observation 2: Multiple time domain CQIs reported by the UE may not be usable in real world networks because of MU CQI adjustment and OLLA
Observation 3: The avg. UPT gain considering X=2 and X=4 CQIs is 1~1.5 % over X=1, Alt 1. The UPT gain is <1 % considering Alt 2A/B.
2.1.1 CQI feedback overhead reduction
TS38.214 defines the concept of wideband reference CQI and subband differential CQI in the frequency domain, with the wideband CQI being reported using 4 bits and the differential CQIs using 2 bits each. The subband CQIs are then derived by gNB as
		
where  is the CQI in subband ,  is the 4-bit wideband reference CQI, and  is the 2-bit differential CQI in subband . The CQI feedback overhead in the absence of such differential CQI is  bits considering 4-bit subband CQIs. This is reduced to  bits with the differential formulation. The rationale for this CQI feedback overhead reduction is that the subband CQIs do not change significantly from the wideband CQI. 
With  CQIs in time domain, the CQI overhead is  bits. However, since the time-domain CQIs are not expected to vary significantly from the reference TD unit, it is possible to use a similar rationale as in the frequency domain to reduce the CQI feedback overhead. Further, in order to aid omission of UCI in capacity constrained PUSCH, the most relevant CQI(s) can be included in CSI part 1, and the remaining time/frequency domain CQI(s) are included in CSI part 2. We describe three such feedback overhead reduction alternatives in the following.
Alternative 1
Denote the CQI in subband  of time unit  as .
A single 4-bit reference CQI is reported for the entire time-frequency grid as .  Then, 2-bit differential CQIs  are reported for all time-frequency units, such that the CQIs for all time frequency units can be reconstructed by the gNB as

[image: ]
The CQI feedback overhead of this method is  bits, of which
· Part 1 CSI contains the reference CQI  (4 bits)
· Part 2 CSI contains the differential CQIs  ( bits)
Alternative 2
A 4-bit wideband reference CQI  is reported for CQI time unit 0. Then, subband CQIs of time unit 0 are reporting using 2-bit differential CQIs  relative to reference CQI, such that the CQIs for all subbands of time unit 0 can be reconstructed by the gNB as

Further, wideband CQI of remaining  units are reported using 2-bit differential CQIs  relative to reference CQI, such that the gNB reconstructs the wideband CQIs of remaining  units as

Finally, subband CQIs of remaining  units are reported using 2-bit differential CQIs  relative to wideband CQIs of respective time units, such that the gNB reconstructed subband CQIs are
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The CQI feedback overhead of this method is  bits, of which
· Part 1 CSI contains CQIs of time unit 0, i.e., ,  ( bits)
· Part 2 CSI contains differential CQIs of remaining time units, i.e., , ( bits)

Alternative 3
This alternative is a more aggressive reduction scheme compared to Alt 2, wherein we assume that the time domain variations in the CQI are captured by the differential CQIs , so that the subband differential CQIs of other time units need not be reported. This is described below.
A 4-bit wideband reference CQI  is reported for CQI time unit 0. Then, subband CQIs of time unit 0 are reporting using 2-bit differential CQIs  relative to reference CQI, such that the CQIs for all subbands of time unit 0 can be reconstructed by the gNB as

Further, wideband CQI of remaining  units are reported using 2-bit differential CQIs  relative to reference CQI, such that the gNB reconstructs the wideband CQIs of remaining  units as

Since  captures the time domain behavior of CQI, the subband CQIs of remaining time units are reconstructed by the gNB, without additional feedback, as
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The CQI feedback overhead of this method is  bits, of which
· Part 1 CSI contains CQIs of time unit 0, i.e., ,  ( bits)
· Part 2 CSI contains differential CQIs of remaining time units, i.e., , ( bits)

The CQI feedback overhead of these alternatives is shown in Table 1. From the above analysis, we have the following observations and proposals.
Observation 4: With X>1 CQIs in the time domain, the subband CQI feedback overhead increases considerably for Rel-18 Type II codebook.
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, investigate methods to reduce CQI feedback overhead for X>1 time-domain CQIs
Table 1 CQI feedback overhead
	
	
	Rel-16 eType II CQI feedback overhead
	Rel-18 Type II CQI feedback overhead

	
	
	
	No enhancement
	Alt 1
	Alt 2
	Alt 3

	19
	4
	42
	168
	156
	162
	48

	19
	2
	42
	84
	80
	82
	44

	14
	4
	32
	128
	116
	122
	38

	14
	2
	32
	64
	60
	62
	34

	7
	4
	18
	72
	60
	66
	24

	7
	2
	18
	36
	32
	34
	20



Proposal 3: For the Rel-18 Type-II codebook refinement for high/medium velocities, reduce multiple CQI feedback overhead using the concepts of reference CQI and differential CQIs
Proposal 4: For the Rel-18 Type-II codebook refinement for high/medium velocities, aid UCI omission of multiple time domain CQIs by including reference CQI(s) and certain differential CQI(s) in CSI Part 1 and including remaining CQIs in CSI Part 2.
2.2. Codebook structure
In RAN1#111 meeting, we have the following agreements regarding the codebook structure [2]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature).

Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding parameter Q, decide in RAN1#112 whether to support the additional values of 3 and/or 4
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· The definition and supported values for each of the SD/FD codebook parameters follow the legacy specification. 
· FFS: The supported parameter combinations considering SD, FD, and DD codebook parameters
· For N4=1, the legacy quantization is fully reused.

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, for N4=1, one CSI reporting instance includes a single  per layer, a single , and a single 
Conclusion 
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, there is no consensus in introducing rotation factor (selected for each SD basis vector) as an additional PMI component

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support the following:
· Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector


There are the following issues for discussion regarding the codebook structure:
I. Remaining values of 
II. The size of the DD/TD unit  for periodic CSI-RS
III. Additional values of 
IV. NNZC bitmap reduction methods
Regarding the values of , it is obvious that longer CSI reporting window size will require the prediction to happen long after the latest CSI-RS occasion. This affects prediction performance. Further, reducing TD unit size  to reduce the size of CSI reporting window  will require the UE to predict/interpolate the channel every few slots, increasing complexity. Therefore, larger values of , i.e.,  should be avoided.
Proposal 5: For the Type-II codebook refinement for high/medium velocities, do not support .
For the next two issues, we provide simulation results in Figure 3. In this simulation, we set the CSI-RS periodicity to 4 slots, which is the lowest possible, and CSI reporting periodicity is also set to be 4 slots. The baseline for performance comparison is Rel-16 eType II with parameter combination 1. The same parameter combination is also considered for Rel-18 Type II codebook. For comparison, we normalized the feedback overhead of Rel-18 Type II PMI by the reporting periodicity, i.e., 4 slots, and consequently the x-axis represents the feedback overhead gain achieved by Rel-18 Type II codebook over Rel-16 eType II codebook. The desired operation regime of Rel-18 Type II codebook is the first quadrant, with the operating points lying as away from the origin as possible (implying that the Rel-18 codebook achieves a considerable UPT gain with a reduced feedback overhead compared to Rel-16 codebook).

[bookmark: _Ref127192639]Figure 3 UPT gain vs. feedback overhead gain for TD unit size and Q values
The blue line represents constant , with  and . It can be seen that as the value of  reduces, the UPT gain increases, however, the feedback overhead gain becomes a negative quantity. This shows that as the value of  reduces, the size of the CSI reporting window reduces and the feedback overhead increases significantly. The red line represents constant  slots, with  and . Here, it is seen that as the value of  reduces, the value of  increases, thereby increasing the amount of DD compression for the value of . This degrades the performance. Finally, the grey line represents constant  slots, with  and . It is seen that  can increase the performance by 3~4 % compared with , however, the feedback overhead incurred increases by 30~50 %. In our opinion, this increase in overhead does not justify the little performance gain.
Observation 5: For the same  reducing the value of  reduces CSI reporting window size, thereby increasing feedback overhead.
Observation 6: For the same , reducing the value of  increases the amount of DD compression, thereby degrading performance.
Observation 7:  can provide an avg. UPT gain of 3~4 % compared with , however, the feedback overhead incurred increases by 30~50 %.
Proposal 6: For the Type-II codebook refinement for high/medium velocities, support  CSI-RS periodicity.
Proposal 7: For the Type-II codebook refinement for high/medium velocities, do not support additional values of  other than 
Finally, we discuss the NNZC bitmap overhead reduction methods. In the last meeting, the following alternatives were agreed regarding bitmap(s) for indicating the locations of the NZCs:
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e., the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt2. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design and further compressed using source-coding (e.g Huffman code)
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt3B: A single 2-dimensional bitmap of size  to report the selected  pairs of SD components and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected FD basis vector and each column corresponds to one of the selected  pairs of SD component and DD basis vector.
· Alt3C: A single 2-dimensional bitmap of size  to report the selected  pairs of SD component and FD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected DD basis vector and each column corresponds to one of the selected  pairs of SD component and FD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.
We compare the performance of Alt 1 and the three versions of Alt 3 by simulations, and the results are shown in Figure 4. The details of NZC selection for each of these alternatives is described in the following.
	

	


[bookmark: _Ref127206099][bookmark: _Ref127264245]Figure 4 UPT performance of NZC bitmap indication methods ( (top) and  (bottom))
In Alt 1,  bitmaps of size , and a total of  NZCs per layer are fed back, with the restriction of  NZCs across all layers.
In Alt 3A,  delay-Doppler pairs are indicated using a bitmap of size . Subsequently, a total of  NZCs per layer are fed back, with the restriction of  NZCs across all layers. An illustration of Alt 3A is shown in Figure 5.


[bookmark: _Ref127265994]Figure 5 NZC indication by Alt 3A
In Alt 3B,  beam-Doppler pairs are indicated using a bitmap of size . Subsequently, a total of  NZCs per layer are fed back, with the restriction of  NZCs across all layers.
In Alt 3C,  beam-delay pairs are indicated using a bitmap of size . Subsequently, a total of  NZCs per layer are fed back, with the restriction of  NZCs across all layers.
Figure 4 shows the results for  and . Parameter combinations 1~4 of Rel-16 eType II are used for performance evaluation, and as the baseline for UPT gain. It is seen that Alt 3A/3B can achieve better UPT-overhead tradeoff compared to Alt 1. Although the overall range of UPT gain is around 5% less with Alt 3 variants compared to Alt 1, they can achieve the same gain as Alt 1 with 40~50 bits of overhead saving. The UPT-overhead tradeoff provided by Alt 3C is similar to Alt 1, since it is equivalent of selecting beam-delay pairs as in Rel-16 with a smaller . Alt 3A also becomes a natural choice when considering the codebook structure  Therefore, we are open to support Alt 3A.
Observation 8: NZC indication by Alt 3A/3B can yield the same UPT gain as Alt 1 with 20~30 % feedback overhead saving.
Proposal 8: For the Type-II codebook refinement for high/medium velocities, support NZC indication by Alt 3A, wherein  delay-Doppler pairs are selected first, and  NZCs are selected for feedback subsequently.
2.3. CSI measurement/reporting
In RAN#111 meeting, we have the following agreements regarding various parameters involved in CSI measurement and reporting [2]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 8}
· FFS: If additional candidate value(s) of K are supported, e.g. 5, 12, 16, also taking into account other use cases (e.g. for training filter coefficients, prediction or performance monitoring) and TDD

Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter m (offset between two AP-CSI-RS resources for the CMR, in slots) is gNB-configured via higher-layer (RRC) signalling from the following set of candidate values: {1, 2}
· FFS: Whether 4, 5, 8, 12, and/or 16 are also supported as other candidate value(s)

Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· 2 additional non-zero values of parameter δ are supported
· FFS: the non-zero value(s), to be selected from 1, 2, 3, 4, 5, 6, and 8

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), support the additional value of 2
· FFS (by RAN1#112): For the last supported additional value, down select between 1, 3, 4, and 5

Conclusion
For the Type-II codebook refinement for high/medium velocities, regarding the parameter m (offset between two AP-CSI-RS resources for the CMR, there is no consensus in supporting additional candidate value(s).



Regarding the value of  to have a reasonable CSI-RS overhead and buffer size of UE,  cannot be arbitrarily large. Also, we note that irrespective of how large a value of  is configured, UE would use only as many CSI-RS occasions as its implementation allows. Therefore, our preference is not to support .
Regarding the value of , large values are not preferable as the prediction performance degrades if the starting position of the reporting window is further away from the last CSI-RS occasion. Therefore, our preference is to support .
Proposal 9: For the Type-II codebook refinement for high/medium velocities, do not support .
Proposal 10: For the Type-II codebook refinement for high/medium velocities, support 
2.4. Time-domain channel properties (TDCP)
In RAN1 #111, we reached the following agreements regarding the TDCP metric selection [2].
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select only one of the following alternatives by RAN1#112:
· AltA.1 (Doppler spread) as described in R1-2210523
· AltA.2 (Doppler shift): A UE is configured to report the Doppler shifts corresponding to the M strongest peaks of the wideband Doppler spectrum, for each of the  configured TRS resources
· A TDCP report can be configured with N periodic TRS resources (e.g., N=2 with one TRS resource per TRP)
· Parameter M is RRC configured with candidate values TBD, e.g. M=1,2,3,…
· Wideband Doppler spectrum is calculated from the wideband time correlation function, given, as an example, by , where  and  is the channel for subcarrier .
· AltB (TD correlation profile) as described in R1-2210523
Down-selection is to done based on, at least, the (single-)user throughput (LLS) performance comparison among the alternatives assuming:
· Three special cases of an agreed use case (companies can select only one or more): aiding gNB to determine switching between Type-I and Rel-16 eType-II codebooks, or to determine SRS periodicity in the UL-SRS reciprocity-based precoding scheme; or aiding the gNB implementation in CSI prediction for TDD
· In their simulations on switching between Type-I and Rel-16 eType-II codebooks, companies should state how to calculate the metric for the determination and how to set the threshold, and what the UE reports.
· In their simulations on UL-SRS reciprocity-based precoding scheme, companies should state how to set the SRS periodicity based on the reported metrics, and what the UE reports; and the results should be displayed in terms of user throughput vs SRS overhead
· In their simulations on CSI prediction for TDD, the results should be the correlation between real channel and predicted channel, and what the UE reports; aided by the reported metric.
· Other scenarios of the agreed use cases can optionally be simulated 
· Based on the agreed EVM for sTRP and mTRP
Note: Different alternatives may or may not apply to different use cases  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signalled with respect to each alternative



To summarize the previous agreements, three possible alternatives for TDCP are identified for down-selection. The first one, i.e., Alt A1, is doppler-spread based, the second one, i.e., Alt. A2, is doppler shift based, while the third one, i.e., Alt. B, is auto-correlation based. Three possible uses cases for TDCP are also identified, including DL codebook switching, which we will focus on next.
In this document, we share our view as to which of the three metrics is best suited for the identified use cases, while focusing on DL codebook switching. First, let us start with some definitions we shall use in this section, before delving into further details.
Carrier frequency
speed of light
Time lag used for CSI auto-correlation calculation
Normalized auto-correlation function
Auto-correlation sampling time
Auto-correlation sampling frequency
Number of TRS bursts
Dopper frequency 
Doppler frequency resolution
Maximum unambiguous Doppler frequency 
UE speed
UE speed resolution
To perform simulations for TRS-based TDCP, we need to identify appropriate TRS parameters that would help accomplish the goals of CSI estimation to be used for TDCP calculations. To that end, we provide the following discussions on “maximum resolvable doppler frequency” and “doppler shift resolution”.
Maximum Resolvable Doppler frequency
Since the auto-correlation function is quantized, there exist a maximum doppler frequency that can be resolved. This is referred to as the maximum unambiguous (i.e., resolvable) doppler frequency, and is denoted as . Any doppler frequency higher than this value, will result in aliasing --- a situation we want to avoid.
The value of can be derived using the Nyquist criterion, where

We can treat  or  as design parameters, which we want to choose such that a certain  is achieved. Hence, we need  to satisfy

⟺ 
For example, if  and , then 1.2857 ms.
Assuming subcarrier spacing of 30KHz, this means that we need to sample the channel at least once every 2 time slots (i.e., ). If we violate this criterion, then we will not be able to take correct decision regarding doppler shift or UE speeds. To show an example of the seriousness of this issue, consider a UE moving at 120 Km/h and carrier frequency . We use CDL-A channel model and 20 TRS bursts with periodicity of 5 slots, i.e., (). Then, we plot the doppler spectrum (top) and the auto-correlation function  (bottom) as follows:
[image: Chart, line chart
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Figure 6. 20 TRS bursts with 5 slot separation.
The figure above depicts a maximum peak at a doppler shift of approximately 40 Hz.
Note also that the maximum doppler shift we expect to get is  Hz.  On the other hand, the above figure shows a maximum doppler shift above -200 and below 200 Hz. This is yet another indication that the above figure with  is not suitable to correctly predict the doppler spectrum.
Next, we repeat the same experiment and only change the TRS periodicity to 2 slots (i.e., ). This results in the following figure, which is drastically different from the previous one.
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Figure 7. 20 TRS bursts with 2 slot separation.
Now, we see a maximum peak of the doppler spectrum occurring at a doppler shift of approximately  Hz, and another lower peak at approximately 250 Hz. For completeness, we also show the result if we kept the TRS periodicity at  but only used 8 TRS bursts (instead of 20). This results in the following figure.
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Figure 8. 8 TRS bursts with 2 slot separation
The disadvantage of using 8 TRS bursts instead of 20 is the lower resolution of the obtained doppler spectrum. Nonetheless, the figure still predicts a maximum peak at a doppler shift of approximately   Hz and a second peak at  Hz.
Observation 9: To avoid doppler spectrum aliasing, the auto-correlation sequence must be sampled at time lags with a period  . 
Observation 10: For Periodic TRS-based TDCP calculation, TRS bursts should allow autocorrelation estimation with time lag periodicity upper bounded by , where  is the maximum considered UE speed,  is the carrier frequency and  is the speed of light.
Doppler frequency Resolution
Recall that the number of TRS bursts is denoted by . This means that the auto-correlation function we can calculate has length . This can be decomposed to  positive time lags and  negative time lags, in addition to the zero lag. With sampling frequency , we get a doppler resolution of 

We can translate this equation into a UE speed resolution as follows:

⟺ 
Let us consider a numerical example to make better sense of this. Let  = 8, , and ms. Then, we can calculate , which gives respective doppler shift and UE speed resolutions of
,
.
This value of UE speed resolution has low fidelity which makes it difficult to distinguish UE speeds with difference below 20.57 Km/h.
The TDCP Metrics
Recall that three alternatives are identified, namely A1, A2 and B. Based on each alternative, we come up with a singular value that we can compare to a threshold. The result of that comparison determines whether Type I Single-Panel codebook is to be used, or Type II (Rel16) codebook will be used for data precoding in the downlink channel. We calculate the three metrics as follows:
A1: This alternative is straight forward to calculate, despite its high computational complexity compared to other alternatives, since the result is already a single quantity that represents the predicted doppler spread. We follow the procedure described in R1-2210523 as agreed in RAN1 #111. The model we use for the Doppler Spectrum is Jake’s model, which has an auto-correlation function in the shape of a scaled zero-order Bessel function of the first kind. We normalize the obtained auto-correlation sequence with respect to the zero-lag, and we do the same normalization for the TRS-based auto-correlation sequence. This calculation is performed per delay-tap, and for each tap we solve a minimization problem, which results in the best matching doppler shift. We use an exhaustive search solution over discretized doppler shift values with a step size of 1Hz. 
A2: Again, we follow the agreement in RAN1 #111, and we use the wide-band auto-correlation function to calculate the doppler spectrum. However, once the doppler spectrum is obtained, we still have a choice as to what value of M (the number of peaks) for which the corresponding doppler shifts are to be reported. We choose M=2, so that the gNB can try to predict the value of the doppler spread as the absolute difference between those reported doppler shifts. This results in a single value that can be compared to a threshold. 
B: This alternative is perhaps the simplest since it only requires a direct feedback for the wideband auto-correlation function. Specifically, we choose to feedback the absolute value of the auto-correlation function at the first non-zero time lag.
Simulations
We conduct simulations using carrier frequency at  and use TRS bursts with time separation of  slots. Note here that while periodicity 2 is not a possible option for periodic TRS, this can be achieved using Aperiodic TRS instead. Note also that this is necessary to overcome aliasing issue we mentioned earlier for UE speeds of up to 120 Km/h.
We run a precursory simulation that helps us choose appropriate threshold values for all three TDCP metrics. Based on our chosen values, we then run another set of simulations to compare the achieved performance under each of the TDCP metric alternatives.
In the following figure, we use  bursts, and we plot the average throughput in units of Mbps vs. the UE speed (in Km/h). The curves for Type I single-panel and E-Type II use fixed codebooks, while those curves named “CB switching X” dynamically switch codebooks using the TDCP metric X  {A1, A2, B}.
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Figure 9. TDCP metric comparison.
Our results indicate the only alternatives B and A1 have decent performance, while alternative A2 struggles to optimally switch codebooks. The reason behind alternative A2’s limitation is the low doppler frequency resolution (66.66 Hz) and as a result it almost always ends up choosing E-Type II even when Type I is a better option. For the remaining two alternatives, B shows slightly better performance at lower UE speeds (3,5,10 Km/h) while A1 shows slightly performance for intermediate UE speeds ( and 30 Km/h). For higher speeds of 60 and 90 Km/Hr, both alternatives are equally good and they both reach the performance of the Type I codebook, which is the best codebook alternative at those speeds.
Observation 11: Alternatives B and A1 both achieve good performance for the codebook switching use case at all UE speeds. 
Observation 12: Alternative A1 has much higher computational complexity compared to that of B for while delivering similar performance.
Proposal 12: For TDCP reporting, use Alt. B (autocorrelation-based reporting as described in R1-2210523) as report quantity.
3. CSI enhancement for coherent JT
In this section, we continue the discussion on CSI enhancements for mTRP CJT.
3.1. FD bases selection and reporting for Mode 1 codebook
In RAN1#111 meeting, the following agreements were made regarding frequency domain (FD) bases selection in Mode 1 codebook for Coherent-JT [2]:
	[bookmark: _Hlk126859319]Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources 
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources



In Table 2, we compare the three alternatives of FD basis selection and reporting against three criteria, namely – deployment scenarios of interest, UE implementation, and feedback overhead.
[bookmark: _Ref127455009]Table 2 Comparison of FD basis selection methods
	Criterion
	Alt 1
	Alt 2
	Alt 3

	Scenarios of interest
	Suitable in certain symmetrical scenarios (e.g. co-site largely spaced multi-panel) having similar FD bases distribution across TRPs. 
	Suited for most practical scenarios without any relation between per TRP FD bases
	Suitable for high N3 and/or low pv when the dominant FD bases across TRPs are disjoint

	UE Implementation
	Preferable for implementation, since common FD bases can be found across TRPs (can be reused for Mode 2) and best offset may be energy detected.
	FD bases computation may need to be repeated for each TRP
	Does not offer significant implementation advantage compared to Alt 2

	Feedback overhead
	Low
	High
	Slightly lower than Alt 2



It is seen that Alt 1 would perform best when dominant FD bases are same across TRPs, but are separated by offsets (e.g. related to non-uniform inter-antenna distance and/or frequency offset across TRPs – as in co-site multi-panel deployments), and Alt 3 is expected to perform best when there are a small number of FD basis (small ) disjoint across TRPs (different windows). Given that Alt 1/3 are only useful in specific scenarios, Alt 2 would be a natural choice considering diverse deployments. However, considering UE implementation and feedback overhead, Alt 1 has the potential to maintain commonality with Mode 2 codebook, which was the original intention of Mode 1 codebook.
Further, we also compared the performance of Alt 1 and Alt 2 by simulations in Figure 10. The simulation settings are presented in Appendix III. We do not assume any dynamic TRP selection, such that it is always 4-TRP transmission. The best combination of SD bases  is chosen by the UE. The set of dominant FD bases are found per layer, post the SVD of the mTRP channel, similar to FD bases selection in Rel-16 eType II precoder.
	
	


[bookmark: _Ref127357029]Figure 10 Performance comparison of Alt 1 and Alt 2 feedback schemes
It is seen from the results that at low to medium ISDs (500m), Alt 2 does not provide any performance benefit over Alt 1. This is because, post SVD of mTRP channel, Alt 1 can better select a common FD basis set for coherent transmission, while Alt 2 favours individual TRP precoders to be better by TRP specific FD basis selection, thereby suffering in coherent transmission performance. As the ISD becomes larger, it becomes more probable for a UE to be served by a single dominant TRP, so that Alt 2 gives a slightly better performance than Alt 1 in certain limited parameter combinations.
Based on the above arguments and results, we make the observations and proposals.
Observation 13: Considering UE implementation, feedback overhead, and commonality with Mode 2, Alt 1 is a preferred choice for Mode 1 codebook FD bases selection
Observation 14: FD bases selection Alt 2 does not provide a consistent performance benefit over Alt 1, even in high ISD scenarios.
Proposal 13: On the Type-II codebook refinement for CJT mTRP, for mode-1, support Alt 1.
3.2. On  quantization alternatives
In RAN1 #110bis-e meeting, the following agreement was made regarding  coefficient quantization for Rel-18 codebook [3]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook



Two meetings ago, it was agreed to support quantization Alt 1 – with Cgroup,phase=1and Cgroup,amp=2 for the Rel-18 Type II codebook for CJT. However, there were extensive discussions on Alt 3 – which differs from Alt 1 by having Cgroup,amp=2N, i.e., each polarization of each TRP having its own amplitude reference. It was argued that such amplitude reference would improve performance in geographically distant TRP deployments.
However, amplitude variations across distant TRPs are implicitly taken care in the precoder computation from the joint mTRP channel and consequently in quantization Alt 1. Having separate amplitude references would artificially boost the number of NZC, thereby increasing overhead but not contributing meaningfully to performance improvement. Moreover, following the rationale of multi-TRP transmissions to ensure uniform coverage to all UEs, as long as the UE is close to one or two TRPs in the coordinating set, a single reference amplitude is enough to reap the benefit of CJT.
In order to support our arguments, we provide simulation results comparing the performance of Alt 1 and Alt 3 in Figure 11. The simulation scenario and settings are as explained earlier. From the results, we observe that Alt 3 cannot provide consistent performance benefit over Alt 1. Further, the cost of this little performance benefit has to be borne by the increased overhead of feeding back multiple reference amplitudes. Therefore, supporting quantization Alt 3 is not necessary.
Observation 15: Quantization Alt 3 does not provide consistent performance benefit over Alt 1, even in high ISD scenarios. 
Proposal 14: For Rel-18 Type II codebook for CJT, revert the working assumption on quantization Alt 3.
	
	


[bookmark: _Ref127455531]Figure 11 Performance comparison of quantization Alt 1 and Alt 3
3.3. On parameter candidate values
In RAN1 #111, the following agreement was made regarding parameter values for Rel-18 codebook [2]
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of NTRP, a set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling
· When NL>1, the selected combination of values for {L1, ..., LNTRP} is reported in CSI part 1 using an indicator, selected from the NL configured combinations
· NL =1 is one of the supported candidate values 
· FFS: Other supported value(s) of NL, and its respective UE capability
· FFS: The supported combinations of values for {L1, ..., LNTRP}
· Following the legacy design, the SD basis selection for the n-th (n=1,...,N) selected CSI-RS resource is indicated in CSI part 2 using a combinatorial indicator selected from a set of   codepoints where, for Rel-16-based refinement PCSI-RS = 2*N1N2.
· The supported candidate values for each of the Ln parameters include the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, and 
· for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alpha1, ..., alphaNTRP}   where  
FFS: Whether the set of NL combinations of values for {L1, ..., LNTRP} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS resource is indicated in CSI part 2 using an indicator selected from a set of O1O2 codepoints.



Regarding configuration of a separate table for {L1, ..., LNTRP}
Given that there are three candidate values for  and the previous agreement to support dynamic TRP selection by the UE, the list of combinations for {L1, ..., LN} and  would be prohibitively high for specifying a table. To arrive at a generic, reduced number of combinations requires performing extensive simulations in different scenarios under various ISDs and eliminating scenario-specific and similar UPT-overhead yielding combinations. Further, such performance results would highly depend on the specific combination of  and , implying a linkage between the combinations of {L1, ..., LN} and . Also, as in Rel-16, the aim of Rel-18 parameter combination should be to specify a combination table in increasing order of performance-overhead, which also implies a linkage. 
Therefore, in our opinion, the discussion on the (reduced set of) combinations {L1, ..., LN} cannot happen independent of , and there needs to be a link between these two combinations even if they are specified independently. 
Observation 16: Given the three candidate values for  and the previous agreement to support dynamic TRP selection by the UE, the list of combinations for {L1, ..., LN} and  would be prohibitively high for specifying a table.
Observation 17: Extensive simulations in different scenarios under various ISDs are required to arrive at a generic, reduced number of combinations of {L1, ..., LN}.
Observation 18: Performance-overhead of mTRP CJT highly depends on the specific combinations of {L1, ..., LN} and , implying a link between them.
Proposal 15: Regarding parameter combination framework for Rel-18 Type II codebook for mTRP CJT, further study is needed
a) To arrive a generic, reduced set of combinations of {L1, ..., LN} for potential specification
b) To specify a linkage between the combinations of {L1, ..., LN} and .
c) To specify a list of parameter combinations in increasing order of performance-overhead.
Regarding the value of 
The UE must select a specific combination {L1, ..., LN} of SD bases among  combinations configured by the gNB. This selection is not trivial and may require the UE to do capacity computations for all combinations to arrive at the best one. Therefore, a restriction or UE capability on the value of  is needed. Our preference is .
Proposal 16: To limit UE complexity of selecting the best SD basis combination, we prefer .
4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: For association of X=1 CQI, Alt 2A/2B can provide up to 1% UPT gain over Alt 1.
Observation 2: Multiple time domain CQIs reported by the UE may not be usable in real world networks because of MU CQI adjustment and OLLA
Observation 3: The avg. UPT gain considering X=2 and X=4 CQIs is 1~1.5 % over X=1, Alt 1. The UPT gain is <1 % considering Alt 2A/B.
Observation 4: With X>1 CQIs in the time domain, the subband CQI feedback overhead increases considerably for Rel-18 Type II codebook.
Observation 5: For the same  reducing the value of  reduces CSI reporting window size, thereby increasing feedback overhead.
Observation 6: For the same , reducing the value of  increases the amount of DD compression, thereby degrading performance.
Observation 7:  can provide an avg. UPT gain of 3~4 % compared with , however, the feedback overhead incurred increases by 30~50 %.
Observation 8: NZC indication by Alt 3A/3B can yield the same UPT gain as Alt 1 with 20~30 % feedback overhead saving.
Observation 9: To avoid doppler spectrum aliasing, the auto-correlation sequence must be sampled at time lags with a period  .
Observation 10: For Periodic TRS-based TDCP calculation, TRS bursts should allow autocorrelation estimation with time lag periodicity upper bounded by , where  is the maximum considered UE speed,  is the carrier frequency and  is the speed of light.
Observation 11: Alternatives B and A1 both achieve good performance for the codebook switching use case at all UE speeds. 
Observation 12: Alternative A1 has much higher computational complexity compared to that of B for while delivering similar performance.
Observation 13: Considering UE implementation, feedback overhead, and commonality with Mode 2, Alt 1 is a preferred choice for Mode 1 codebook FD bases selection
Observation 14: FD bases selection Alt 2 does not provide a consistent performance benefit over Alt 1, even in high ISD scenarios.
Observation 15: Quantization Alt 3 does not provide consistent performance benefit over Alt 1, even in high ISD scenarios.
Observation 16: Given the three candidate values for  and the previous agreement to support dynamic TRP selection by the UE, the list of combinations for {L1, ..., LN} and  would be prohibitively high for specifying a table.
Observation 17: Extensive simulations in different scenarios under various ISDs are required to arrive at a generic, reduced number of combinations of {L1, ..., LN}.
Observation 18: Performance-overhead of mTRP CJT highly depends on the specific combinations of {L1, ..., LN} and , implying a link between them.
Proposal 1: For association of X=1 CQI, support Alt 2B, where the CQI is associated with the first/earliest d slots of the CSI reporting window and the first/earliest one of the N4 W2 matrices
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, investigate methods to reduce CQI feedback overhead for X>1 time-domain CQIs
Proposal 3: For the Rel-18 Type-II codebook refinement for high/medium velocities, reduce multiple CQI feedback overhead using the concepts of reference CQI and differential CQIs
Proposal 4: For the Rel-18 Type-II codebook refinement for high/medium velocities, aid UCI omission of multiple time domain CQIs by including reference CQI(s) and certain differential CQI(s) in CSI Part 1 and including remaining CQIs in CSI Part 2.
Proposal 5: For the Type-II codebook refinement for high/medium velocities, do not support .
Proposal 6: For the Type-II codebook refinement for high/medium velocities, support  CSI-RS periodicity.
Proposal 7: For the Type-II codebook refinement for high/medium velocities, do not support additional values of  other than 
Proposal 8: For the Type-II codebook refinement for high/medium velocities, support NZC indication by Alt 3A, wherein  delay-Doppler pairs are selected first, and  NZCs are selected for feedback subsequently.
Proposal 9: For the Type-II codebook refinement for high/medium velocities, do not support .
Proposal 10: For the Type-II codebook refinement for high/medium velocities, support 
Proposal 11: For TRS-based TDCP calculation, TRS bursts should allow autocorrelation estimation with time lag periodicity upper bounded by , where  is the maximum considered UE speed,  is the carrier frequency and  is the speed of light.
Proposal 12: For TDCP reporting, use Alt. B (autocorrelation-based reporting) as described in R1-2210523.
Proposal 13: On the Type-II codebook refinement for CJT mTRP, for mode-1, support Alt 1.
Proposal 14: For Rel-18 Type II codebook for CJT, revert the working assumption on quantization Alt 3.
Proposal 15: Regarding parameter combination framework for Rel-18 Type II codebook for mTRP CJT, further study is needed
a) To arrive a generic, reduced set of combinations of {L1, ..., LN} for potential specification
b) To specify a linkage between the combinations of {L1, ..., LN} and .
c) To specify a list of parameter combinations in increasing order of performance-overhead.
Proposal 16: To limit UE complexity of selecting the best SD basis combination, we prefer .
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Appendix I

For TDCP reporting, we conduct more LLS experiments using other configurations to diversify our TDCP study. The results of these experiments are also in line with out earlier findings.
For these experiments, we use the CDL-A channel model. We set the carrier frequency at  and use TRS with periodicity of  slots. We run a preliminary simulation that helps us choose appropriate threshold values for all three TDCP metrics. We then run another set of simulations to compare the achieved performance under each of the TDCP metric alternatives. In the following figure, we use  bursts and we plot the relative performance gain compared to a pure Type I codebook scenario.
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Figure 12. TDCP metric comparison. % Throughput gain over Type I (8 TRS bursts)
We can see that alternatives A1 and B have much better performance at low UE speed, which is a result of their better ability to identify low speed situations and react accordingly for a better codebook choice. On the other hand, alternative A2 fails to identify such low speed situations and thus is almost always stuck with Type I. The reason behind alternative A2’s shortcoming is the low doppler (speed) resolution, which results in a high probability for the doppler spectrum to be with the two strongest peaks occurring at adjacent doppler shift values. We also see that alternative B performs better than alternative A1 at high speeds. This fact, together with its simplicity compared to A1 makes it a significantly better alternative.
Owing to the simplicity of alternative B in terms of its reliance on a single positive lag, we run another experiment with similar configurations, except this time we use  bursts. This results in the following performance (note that we updated the threshold values based on this new number of TRS bursts).
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Figure 13 TDCP metric comparison. % Throughput gain over Type I (2 TRS bursts)
The figure above shows that alternative B was largely not affected by the smaller number of TRS bursts, except at 60 Km/h where it got slightly better, while on the other hand alternative A1 becomes worse.
[bookmark: _Ref117841622]Appendix II
SLS assumptions for CSI enhancement of high/medium UE velocities
	Parameter
	Value

	Scenario
	Urban macro (UMa)

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Frequency Range
	FR1 only, 2 GHz.

	Inter-BS distance
	200 m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (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

	BS Tx power 
	41 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256 QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbols per slot

	
	SCS 
	15 kHz 

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU MIMO with rank adaptation

	MIMO layers
	Maximum MU layers 8

	CSI feedback 
	CSI feedback periodicity:  5 slots (baseline)
Scheduling delay: 4 ms (baseline)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	100% outdoor

	UE receiver
	MMSE-IRC

	Spatial consistency mobility procedure
	Disabled






[bookmark: _Ref118448372]Appendix III
SLS assumptions for CSI enhancement of coherent JT
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Outdoor1: Dense urban macro with 4 intra-cell TRPs
[image: ] 

	Frequency Range
	2 GHz

	Inter-site distance
	200 m 

	Channel model
	Based on TR 38.901.
Difference in propagation delays between UE and NTRP TRPs is taken into account in the composite Channel Impulse Response (CIR)

	Antenna setup and port layouts at each TRP
	8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)

	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO adaptation with up to rank 2 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for MU-MIMO
20 % for SU-MIMO

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

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Single TRP Rel-16 eTypeII 



ISD = 200m, 30km/h UE, m=d=2, N4 = 4, Q = 2, Ideal CSI prediction, 32Tx, 2Rx, rank 1,2, MU-MIMO, RU 40 %.  Baseline: Rel-16 eType II PC 1

OLLA ON	X = 1, Alt 2A	X = 1, Alt 2B	X = 1, Alt 1	X = 2, Alt 1 	X = 4, Alt 1	8.6229089999999999	8.1878799999999998	8.4474959999999992	8.7905230000000003	9.5065170000000006	OLLA OFF	X = 1, Alt 2A	X = 1, Alt 2B	X = 1, Alt 1	X = 2, Alt 1 	X = 4, Alt 1	8.8915249999999997	8.5987220000000004	7.9310609999999997	8.3116979999999998	8.4575320000000005	
Avg. UPT gain (%)




ISD=200m, 30 km/h UE, 4 ms P-CSI-RS, 4 ms reporting periodicity, 
Ideal CSI prediction, 32Tx, 2Rx, MU-MIMO with rank 1,2, RU 70 %

(d,N4,Q) = (1,4,2) , (2,4,2) , (4,4,2)	-80	10	55	30.619700000000002	18.780290000000001	-2.8207800000000001	(d,N4,Q) = (1,8,2) , (2,4,2) , (4,2,2)	9.1304300000000005	10	11.739100000000001	14.47195	18.780290000000001	21.487839999999998	(d,N4,Q) = (1,8,4) , (2,4,3) , (4,2,2)	-70	-28.260870000000001	11.739100000000001	19.8278	21.61497	21.487839999999998	Feedback overhead gain (%)


Avg. UPT gain (%)




ISD=200m, 30 km/h UE, m=d=2, N4=4, Q=2, μ=0.75
Ideal CSI prediction, 32Tx, 2Rx, MU-MIMO with rank 1,2, RU 70 %

Alt 1	103.5	159.5	194.5	306.5	16.964359999999999	19.373200000000001	26.993880000000001	33.127099999999999	Alt 3A	89.5	131.5	158.5	242.5	11.017099999999999	18.678599999999999	26.49203	31.465039999999998	Alt 3B	89.5	131.5	142.5	226.5	12.467320000000001	17.924430000000001	25.608329999999999	31.66047	Alt 3C	97.5	139.5	182.5	266.5	11.30035	17.99877	25.921600000000002	31.665990000000001	Feedback overhead (bits)


Avg. UPT gain (%)




ISD=200m, 30 km/h UE, m=d=2, N4=4, Q=2, μ=0.5
Ideal CSI prediction, 32Tx, 2Rx, MU-MIMO with rank 1,2, RU 70 %

Alt 1	103.5	159.5	194.5	306.5	16.964359999999999	19.373200000000001	26.993880000000001	33.127099999999999	Alt 3A	67.5	95.5	114.5	170.5	3.5539649999999998	14.33869	19.07103	30.610589999999998	Alt 3B	67.5	95.5	106.5	162.5	4.5859199999999998	15.662699999999999	18.340039999999998	31.194040000000001	Alt 3C	75.5	103.5	138.5	194.5	3.967994	15.988799999999999	18.419149999999998	30.72447	Feedback overhead (bits)


Avg. UPT gain (%)




4-TRP CJT, ISD = 500m, beta = 0.75

Alt 2	0.125	0.25	0.5	0.75	64.00179	65.029399999999995	64.454740000000001	67.044330000000002	Alt 1	0.125	0.25	0.5	0.75	67.371480000000005	67.542199999999994	66.840639999999993	69.06474	FD compression coefficient p


Avg. UPT gain (%)




4-TRP CJT, ISD = 800 m, beta = 0.75

Alt 2	0.125	0.25	0.5	0.75	93.142300000000006	95.112610000000004	100.3284	106.98269999999999	Alt 1	0.125	0.25	0.5	0.75	93.388890000000004	95.487039999999993	99.649889999999999	104.3909	FD compression coefficient p


Avg. UPT gain (%)




ISD = 500m

Alt 1	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	78.130319999999998	76.212329999999994	69.470370000000003	67.485330000000005	Alt 3	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	76.647329999999997	76.531720000000007	69.025710000000004	70.369770000000003	(pv , β)


Avg. UPT gain (%)




ISD = 800 m

Alt 1	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	108.4406	105.75879999999999	94.34402	98.222890000000007	Alt 3	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	109.7923	102.7689	98.881249999999994	97.224450000000004	(pv , β)


Avg. UPT gain (%)
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