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In this contribution we discuss enhancements to propagation delay compensation in section 2 and CSI feedback enhancements in section 3. 
[bookmark: _Ref60941680]Discussion on PDC methods and way forward
0. Introduction
During RAN1#106bis-e an email discussion on propagation delay compensation enhancements was conducted. The  summary of the discussion can be found in [1], with the agreements from the chairman’s notes [2] copied in below:
	Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC

Agreement
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC

Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.
 
Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity
 
Conclusion
When evaluating enhanced TA-based PDC, there is no need to replace Te by TA adjustment error.

Agreement
Send an LS to RAN2 and CC RAN4 with the content including:  
· The latest available status on PDC methods in RAN1, e.g. key agreements achieved for TA-based PDC and RTT-based PDC. 
LS is endorsed in R1-2110647.
Agreement
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 

Agreement
If enhanced TA-based PDC with reduced Te based on TRS is supported in Rel-17, one CSI-RS for tracking (TRS) configuration is configured for enhanced TA-based PDC.
· FFS whether/how to configure UL signal for enhanced TA-based PDC 
 
Agreement
If enhanced TA-based PDC with enhanced TA command indication granularity is supported in Rel-17, 
· The enhanced TA command indication granularity introduced for enhanced PDC is applied for PDC purpose, which doesn’t have impact on normal TA procedure, i.e. normal TA procedure will still follow the existing TA command indication granularity. 
 
Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
1. FFS the value of k
1. FFS the reporting range of Rx-Tx time difference measurement for PDC



This section continues the discussion on propagation delay compensation enhancements and addresses the following points: 
· Enhanced TA-based PDC design and performance
· RTT-based PDC design and performance
· Way forward for PDC specification

Enhanced TA based PDC discussion
It has been concluded in RAN1 that TA with legacy procedure and requirements can meet the Uu synchronicity budget for smart-grid. However, for meeting the control-to-control use case budget of at most ±275ns [3], an enhanced PDC procedure such as RTT or enhanced TA would be needed. For enhanced TA to meet the budget, it would require at least reducing both the UL timing error limit (Te) and the TA command indication granularity. The current TA command granularity is 16*64*Tc/2µ. While the current Te values are specified based on a DL detection error assuming SSB bandwidth and a Te margin. The values, e.g., for UL/DL bandwidth of 15kHz and 30kHz are displayed below. The feasibility of reducing these components will depend on RAN4 information, which was requested in LS [4].
	SCS
	SSB bandwidth
	Te 
()
	Detection error
()
	Te margin
()

	15kHz
	3.6MHz
	391ns
	139ns
	252ns

	30kHz
	7.2MHz
	260ns
	69ns
	191ns



In RAN1#106bis-e meeting it was agreed that an enhanced Te for PDC should make use of one TRS configuration. A TRS, being a reference signal of higher BW than SSB, should improve the UE tracking of the DL frame timing. As Te is composed at least of an UL transmission error margin and a DL frame timing error component, then a DL tracking improvement should directly reflect in a Te reduction. Based on that, we analyse what would be the achievable time synchronization error if TRS is configured using maximum DL bandwidth, i.e., 50MHz and 100MHz for 15kHz and 30kHz SCS, respectively. We follow the agreed Alt.1 equation for TA, where the UL transmission error and DL reception errors of PDC are accounted in Te, i.e.:
.
We assume an enhanced TA command granularity of (1/16)*(16*64*Tc/2µ), thought the feasibility of such granularity is subject to RAN4 conclusion (i.e., reply for Question 2 of previous RAN1 LS [4]). DL transmission and UL reception errors are kept as agreed in previous meetings. 
Table 1 - Total error with enhanced TA-based PDC assuming maximum bandwidth TRS
	Error components for Alt.1 TA equation 
	15kHz SCS 
UL/DL BW [ns]
	30kHz SCS 
UL/DL BW [ns]

	
	65ns
	65ns

	
	100ns
	100ns

	
	16.288ns
Ts/2
	8.144ns
Ts/4

	
	10ns
50MHz (DL)
	5ns
100MHz (DL)

	
	262ns
50MHz DL, same margin
	196ns
50MHz DL, same margin

	
	297ns
	255ns



It can be noticed that, even with the reduced Te and reduced granularity, the synchronicity budget of control-to-control is not satisfied for 15kHz SCS. A further reduction of about 2*(297-275)=44ns would be needed for the enhanced Te. However, that would require a reduction on the Te margin, which would depend on the feasibility in RAN4. 
Observation 2.1.1: For an enhanced-TA with reduced Te based on maximum bandwidth TRS, in order to meet synchronicity budget of control-to-control use case in 15kHz SCS, a Te margin reduction from 252ns to 209ns would be needed (17% reduction on Te margin). 
Also, in the previous meeting it was discussed whether an UL signal, such as SRS, would need to be configured for the UE so that the enhanced Te requirement would only apply for the configured TRS/SRS pair. In our view, imposing such UL signal configuration for enhanced TA based PDC by default should not be needed. After detecting the TRS, the UE should transmit at least one uplink signal complying with the enhanced Te requirement, while should be up to gNB implementation to schedule/configure the UL transmission. 
However, in case the Te margin reduction is concluded to be unfeasible in RAN4, the impact of UL reception error would need to be reduced for meeting the control-to-control budget with an enhanced TA. In that case, the configuration of a higher bandwidth SRS would be needed for reducing the gNB UL reception error. That means, instead of an UL reception error based on minimum UL bandwidth, such error component would need to be reduced by at least 44ns. So, UL reception gets to , which corresponds to an UL signal of 0.5/56ns=8,9MHz or 50RBs in 15kHz. 
Observation 2.1.2: For enhanced TA based PDC to meet the synchronicity budget of control-to-control in 15kHz, if a maximum bandwidth TRS is used for reducing Te while the Te margin for implementation is not changed, an UL signal of at least 8.9 MHz is needed in order to reduce the .
Proposal 2.1.1: If enhanced TA-based PDC is supported, the configuration of an UL signal (e.g. SRS) for enhanced TA should only be considered in case the Te margin component of Te cannot be reduced (depending on RAN4 input).
It is relevant to note that, without reducing Te (either from DL detection side or from Te margin side), the synchronicity budget of control-to-control cannot be satisfied by any mean in 15kHz SCS, independent of the configuration of high bandwidth UL/DL signals or a low granularity indicator. Even with maximum UL/DL bandwidth and granularity reduced by 1/16, TA-based PDC with current Te can at best reach 316ns, which is insufficient for control-to-control.
Observation 2.1.3: For enhanced TA-based PDC without reducing Te, it is not possible to meet control-to-control synchronicity budget by any means for 15kHz SCS.

RTT based PDC discussion
For RTT based PDC, it was discussed in RAN1#106-bis-e whether this method can meet the synchronicity budget of control-to-control in some conditions, such as with/without considering implementation margins. Here we analyse what is the achievable timing error with RTT based PDC using agreed Alt.1, i.e. 
 
first without considering the margins, and then we discuss what is the maximum values for the margins to keep RTT method feasible for PDC. As we are only interested in the signal from the serving cell for PDC, we use the highest Ês/Iot value from Table 10.1.25.2-2 in TS 38.133 v17.3.0 for UE and Table 13.2.2.2-1 in TS 38.133 v17.3.0 for gNB, i.e., Rx-Tx accuracy level towards neighbour cells is not of interest for PDC. Note that this should be fair enough for comparing with TA, since Te requirements are tested with 3dB SNR levels in AWGN channel.
Table 2 - Total error with RTT-based PDC using minimum BW reference signals and in fading channel
	Error components for Alt.1 RTT equation 
	15kHz SCS 
UL/DL BW [ns]
	30kHz SCS 
UL/DL BW [ns]

	
	65ns
	65ns

	
	115.741ns
(24 RBs)
	57.87ns
(24 RBs)

	
	62.1ns
122Tc (24 ≤ BW ≤ 40 RBs)
	16.288ns
32Tc (48 ≤ BW ≤ 84 RBs)

	
	69.733ns
137Tc (24 RBs)
	44.283ns
87Tc (24 RBs)

	
	8.144ns
½ *32Tc(k=5)
	8.144ns
½ *32Tc (k=5)

	
	250.723ns
	157.228ns



It can be seen for the lowest bandwidth options of RTT, that the total margin (of gNB and UE) should not be larger than 25ns, for 15kHz in order to achieve the synchronicity budget of control-to-control. Otherwise, higher bandwidth reference signals should be used for this use case.
Observation 2.2.1: In the worst case, i.e., lowest bandwidth reference signals configured for Rx-Tx, RTT-based PDC can meet the synchronicity budget of control-to-control as long gNB and UE implementation margins are below 24.3ns and 117.8ns for 15kHz and 30 kHz, respectively.
Below we provide similar analyses for RTT, but now assuming higher bandwidth reference signals as needed for enhanced TA based on TRS, i.e., maximum DL TRS bandwidth (maxNrofPhysicalResourceBlocksPlus1=276) and an UL bandwidth corresponding to at least 8,9MHz (50RBs assumed the same here for 15kHz and 30 kHz). The highest bandwidth with accuracy values available in 38.133 Table 10.1.25.2-2 for UE corresponds to 104RBs and 132RBs for 15kHz and 30 kHz, respectively. Though that corresponds to less than half of the maximum TRS bandwidth, we assume these values as a worst case for RTT.    
Table 3 - Total error with RTT-based PDC using same bandwidth as enhanced TA and in fading channel
	Error components for Alt.1 RTT equation 
	15kHz SCS 
UL/DL BW [ns]
	30kHz SCS 
UL/DL BW [ns]

	
	65ns
	65ns

	
	10ns
(276 RBs)
	5ns
(276 RBs)

	
	31,558ns
62Tc (44 ≤ BW ≤ 84 RBs)
	16.288ns
32Tc (48 ≤ BW ≤ 84 RBs)

	
	 31.558ns
62Tc (104 RBs)
	 22.396ns
44Tc (132 RBs)

	
	8.144ns
½ * 32Tc(k=5)
	8.144ns
½ *32Tc (k=5)

	
	110.63ns
	93.414ns



It is clear from analyses above that there is quite a large room for implementation error margin when a higher bandwidth  reference signal is used for RTT-based PDC. 
Observation 2.2.2: For RTT-based PDC, assuming high bandwidth reference signals as needed for enhanced TA, the control-to control synchronicity budget can be satisfied up to a total implementation margin of gNB and UE of 164.4ns and 181.6ns for 15kHz and 30kHz, respectively.
In RAN1#106bis-e it was agreed that the Rx-Tx should be reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5, while the exact value(s) of k is FFS. In our view, we don’t need all the low granularity available for positioning since the accuracy level for PDC does not need to be as high. It is clear that the error contribution in PDC given by granularity with k=5, i.e. (±8.144 ns)/2, corresponds to less than 1.5% of the control-to-control budget of ±275ns. So, to simplify specification work in terms of granularity signaling, a single granularity can be supported for PDC, such as 32Tc.
Observation 2.2.3: For a granularity of 2k*Tc with k=5, the contribution of the indication error corresponds to less than 1.5% of the control-to-control budget.  
Proposal 2.2.1: A single granularity for the Rx-Tx measurement report, such as 32Tc, is supported for RTT-based PDC. No specification of report granularity configuration should be needed. 
Another FFS issue is whether we need the same reporting range from positioning. From TS 38.133, there is the following gNB (and equivalently for the UE) Rx-Tx time difference measurement report mapping specified for the highest granularity (k=5): 
[bookmark: _Hlk86152155]Table 13.2.1-5: gNB Rx-Tx time difference measurement report mapping for reporting resolution of 32Tc (k=5)
	Reported Value
	Measured Quantity Value
	Unit

	RX-TX_0000
	-985024 > RX-TX
	Tc

	RX-TX_0001
	-985024 £ RX-TX < -984992
	Tc

	RX-TX_0002
	-984992 £ RX-TX < -984960
	Tc

	¼
	¼
	…

	RX-TX_30781
	-64 £ RX-TX < -32
	Tc

	RX-TX_30782
	-32 £ RX-TX £ 0
	Tc

	RX-TX_30783
	0 < RX-TX £ 32
	Tc

	RX-TX_30784
	32 < RX-TX £ 64
	Tc

	RX-TX_30785
	64 < RX-TX £ 96
	Tc

	…
	…
	…

	RX-TX_61564
	984992 < RX-TX £ 985024
	Tc

	RX-TX_61565
	985024 < RX-TX
	Tc



From the table it can be seen that the Rx-Tx measurement range is equivalent to approximately -0.5ms to 0.5ms, and the report resolution is uniform across the range. Such reporting range is relevant for positioning because of Rx-Tx measurement reports made towards neighbour cells, where there is no timing alignment between DL and UL subframe boundaries. However, for time synchronization we should only consider measurement for the serving cell. The Rx-Tx measurements from UE and serving cell are illustrated below.
[image: ]
Figure 1 - Rx-Tx between UE and serving cell
In case of UE Rx-Tx measurement report (if gNB-side PD estimation is assumed), it is our understanding that values can only be positive, considering that transmissions to the serving cell are time aligned (like UE Rx-Tx time difference measurement report defined for LTE in 36.133). However, the maximum range would depend on the assumption of maximum distance to serving cell. 
Observation 2.2.4: For UE Rx-Tx report, in case gNB-side PD estimation is supported, the measurement report value range should only be positive and designed for the maximum supported distance to the serving cell.  
On the other hand, for the case that UE side PD estimation is supported, the gNB Rx-Tx measurement report from serving cell to UE can consist of negative and positive values due to potential UE transmission timing error and gNB Rx measurement error. As UL transmission timing is controlled by TA, the range of values should not be large, i.e., measured DL and UL subframe boundaries are close in time. In practice, such timing difference should not be more that the cyclic prefix length. 
Observation 2.2.5: For gNB Rx-Tx report, in case UE side PD estimation is supported, the measurement report value range can be negative and positive. A smaller range, e.g. equivalent to cyclic prefix length, should be sufficient since UL subframe transmissions received in gNB are time aligned with DL subframe.  
Nevertheless, we can only conclude that a smaller report range should be supported for PDC which helps on reducing the overhead, but we think it is out of RAN1 scope to define the exact range. As in RAN1#99 discussions from positioning it was agreed the following:
	Agreement:
· The reporting granularity for the UE/gNB timing measurements (DL RSTD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) is defined as , where k is a configuration parameter with a minimum value of at most 0.
· Note: RAN4 can determine if -1 can be a minimum value
· RAN1 assumes that the details of the reporting granularity and ranges for the UE/gNB timing measurements (DL RTSD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) will be determined by RAN4, including the potential relation of the parameter k to DL PRS bandwidth.



Based on that, we suggest following the same approach here, i.e., that the exact range should be defined by RAN4.
Proposal 2.2.2: RAN1 to conclude that a smaller reporting range for Rx-Tx measurement can be defined for RTT-based PDC, since only serving cell measurement is considered for PDC. The exact range should be determined by RAN4. 

Comparison of PDC methods and Way forward 
As seen from the analyses, either RTT or TA-based PDC can satisfy the synchronicity budget for the control-to-control use case under certain conditions. So, a decision on which method should be specified for covering the strictest use case should take into account other factors, such as, overhead of the method, power limitation, complexity, specification effort, etc.
In our view, enhanced TA procedure has no advantage compared to RTT based PDC considering that a dedicated reference signal and also a dedicated indicator is needed for the enhanced TA method. Additionally, as can be seen from the analyses, RTT can achieve a higher accuracy with same or lower reference signal bandwidth than enhanced TA. This can be translated to a lower ‘sounding’ overhead for RTT method, and a better multiplexing capability when providing service to multiple UEs within the coverage area. Lower power limitation constraint is also a plus for RTT method, given that lower bandwidth reference signals can be used, so it is more likely that cell edge UEs have sufficient power budget when transmitting the UL reference signal.
At the same time, an enhanced TA based PDC will require more specification effort as there are not yet available accuracy requirements for a reduced Te, and a separate TA signalling need to be introduced only for the sake of PDC in a way that it does not affect the normal transmit timing procedure and requirements. While for RTT there is Rx-Tx specification from positioning that just need to be extended for PDC, i.e., including the support for the reference signals for PDC and Rx-Tx report.
Observation 2.3.1: Between enhanced TA and RTT based PDC, the latter has better accuracy, lowest overhead, better coverage and is less complex to specify by reusing definitions from positioning specifications.  
For covering the less strict time synchronization use cases, legacy TA based PDC is obviously the simplest method. It does not require any additional measurement procedure or any complex capability in UE side, as every UE should already be able to obtain TA and, from that, determining propagation delay is straightforward. It also has no additional overhead, as it does not require any additional reference signal and report exchange. Moreover, it only requires RAN2 specification effort to enable/disable legacy TA based PDC.
Observation 2.3.2: Legacy TA based PDC reuses existing capability of UEs, has no overhead, has the lowest specification effort, and is sufficient to satisfy the synchronicity budget of less strict use cases as concluded in RAN1. Not supporting Legacy TA based PDC should be carefully justified. 
Proposal 2.3.1: RAN1 to support Legacy TA-based PDC to cover the less strict use cases with the zero overhead and support RTT-based PDC method for covering the strictest time synchronization use cases. 

Discussions on CSI feedback enhancements

0. Introduction
On the topic of SB CQI enhancement, RAN1#106 agreed that UE can report WB CQI and additionally either 2-bit differential SB CQI or 4-bit SB CQI, as captured in the following agreements [R1-2108450],
	Agreement
For subband CQI reporting with more than 2 bits per subband
· Support 4-bits CQI only

Agreement
For subband CQI reporting in Rel-17, RRC can configure use of legacy 2-bits D-CQI or 4-bits CQI for each CSI report configuration.
· This feature is subject to UE capability
· FFS: Whether wideband CQI report can be omitted


RAN1#106-bis-e agreed not to omit wideband CQI from subband CQI report. [R1-2110670]
	Agreement
When subband CQI reporting is configured with 4-bits per subband, UE includes wideband CQI in report.



In this contribution, we discuss some remaining points that may need clarification.
CQI Reporting details
In RAN1#106-bis-e there was a discussion which clarified the PMI assumption that must be taken when WB CQI is reported as part of SB CQI report. Conclusion was that all reported CQI values are conditioned on the reported PMI, which in case of SB CQI reporting means the reported SB PMI.  Similarly, we think there are some other details that should be clarified.
Bandwidth of CSI reference resource for CQI computation 
Considering the 38.214 specification texts that we highlight below, in case of WB CQI reporting is configured for CSI reporting, the CSI reference resource bandwidth for WB CQI calculation is clear, but in case SB CQI reporting has been configured, the specification text on “The bandwidth as configured for the corresponding CQI report” may be differently interpreted. 

38.214 section 5.2.2.5 : CSI reference resource 

	The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot n-nCSI_ref,
…………..

If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.


38.214 section 5.2.2.1: CQI calculation assumes the CSI reference resource
	A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 
-	0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table1' (corresponding to Table 5.2.2.1-2), or 'table2' (corresponding to Table 5.2.2.1-3), or
-	0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table3' (corresponding to Table 5.2.2.1-4).
……
For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = sub-band CQI index (s) - wideband CQI index.
The mapping from the 2-bit sub-band differential CQI values to the offset level is shown in Table 5.2.2.1-1

Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



     For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = sub-band CQI index (s) - wideband CQI index.

     The mapping from the 2-bit sub-band differential CQI values to the offset level is shown in Table 5.2.2.1-1

Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



    A combination of modulation scheme and transport block size corresponds to a CQI index if:
-	the combination could be signaled for transmission on the PDSCH in the CSI reference resource according to the Transport Block Size determination described in Clause 5.1.3.2, and 
-	the modulation scheme is indicated by the CQI index, and 
-	the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.


The last section 5.2.2.5 bullet point “The bandwidth as configured for the corresponding CQI report” alone is not explicitly clear as the expression “corresponding CQI report” leaves unnecessarily room for interpretation. Next, we will consider this in different cases of CQI reporting and possible interpretations.
Case 1: gNB has configured WB CQI reporting
Only one interpretation exists 
In this case “The bandwidth as configured for the corresponding CQI report” refers to the entire CSI reporting band, as discussed in RAN1#106-bis-e (ref this document). 

Case 2: gNB has configured SB CQI reporting
Interpretation 1: bandwidth of SB is used for WB-CQI calculation
In this interpretation, “bandwidth as configured for the corresponding CQI report” refers to the bandwidth of SB as corresponding CQI report is SB-CQI reporting (configured CQI reporting mode). Also, as the WB-CQI reported together with SB-CQI reporting, the bandwidth assumption for WB-CQI may assume the same bandwidth of SB.  This means that the assumed TBS for both WB-CQI and SB-CQI calculation is derived from the SB bandwidth, based on the fact that the highlighted section 5.2.2.5 bullet point text refers to a single bandwidth value. However, there is no explicit text in the RAN1 specification to properly support this interpretation.

Interpretation 2: entire CSI reporting band for WB-CQI calculation
In this interpretation, “bandwidth as configured for the corresponding CQI report” refers to the bandwidth of SB for SB-CQI and entire CSI reporting band for WB-CQI which is reported with SB-CQI. This may be further clarified as 38.214 has “the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates” where we can interpret that cases of derived CSI = WB-CQI (BW relates to the entire CSI reporting band) and derived CSI = SB-CQI (BW relates to the sub-band). 


From our understanding, a UE that is configured with SB-CQI reporting shall calculate the WB-CQI based on interpretation 2, but interpretation 2 suffers the problem that arithmetic operations (when deriving differential SB CQI) are performed between quantities which are not comparable: WB-CQI index and SB-CQI indexes are based on different TBS assumptions. Computing the offset levels using interpretation 2 is comparable to computing a difference between CQI-index-1 taken from CQI table 1 and CQI-index-2 taken from CQI table 2 i.e., the outcome of such computation is not well-defined.

Proposal 3.1.1: RAN1 may further confirm/clarify the assumed CSI reference resource bandwidth for SB/WB CQI calculations when SB-CQI reporting has been configured:
· the UE uses two different bandwidth assumptions, one (sub-band bandwidth) for deriving SB CQI indexes and another (entire CSI reporting band) for deriving WB CQI index as part of SB CQI report.
Assuming interpretation 2, at least for 2-bit (differential) SB CQI reporting, we think that the specification could be improved so that the same TBS assumption is used for SB and WB CQI indexes. Logically, it is the SB CQI index TBS assumption which should be used also in WB CQI index computation. The difference that remains between SB and WB CQI index calculation is the channel statistics that are used when computing the required index. SB CQI index is computed using the channel statistics of the corresponding SB, and WB CQI index is computed using the channel statistics from the entire CSI reporting band.
In the existing specification CSI-RR size is fixed, assumed PDSCH allocation size is directly linked to CSI-RR size and thus it is also fixed, CQI index is reported, and the TBS assumption is derived by both UE and gNB. When gNB configures the target TBS assumption, UE can still report the CQI index, and both UE and gNB will derive the assumed allocation size from the target TBS assumption and the reported CQI index. CSI reference resource is then still used to collect the channel statistics which are needed for CQI reporting.
Proposal 3.1.2: In sub-band offset level computation, the TBS assumption used for SB CQI index computation shall be used also for WB CQI index computation.
The specification can be easily enhanced further by letting gNB configure the TBS that UE should use in CQI index computation. To be on the safe side, UE could use the derived TBS assumption (derived according to existing specification) or the gNB configured TBS assumption, whichever is smaller.
Proposal 3.1.3: gNB can configure the TBS assumption that UE shall use in CQI index computation. UE shall use the derived TBS assumption (derived according to existing specification) or the gNB configured TBS assumption, whichever is smaller.

Conclusion
In this contribution, we discussed open issues on propagation delay compensation enhancements from RAN1#106bis-e in section 2. 
Based on this discussion on enhanced TA-based PDC in Sec. 2.1, we have the following observations and proposals:
Observation 2.1.1: For an enhanced-TA with reduced Te based on maximum bandwidth TRS, in order to meet synchronicity budget of control-to-control use case in 15kHz SCS, a Te margin reduction from 252ns to 209ns would be needed (17% reduction on Te margin). 
Observation 2.1.2: For enhanced TA based PDC to meet the synchronicity budget of control-to-control in 15kHz, if a maximum bandwidth TRS is used for reducing Te while the Te margin for implementation is not changed, an UL signal of at least 8.9 MHz is needed in order to reduce the .
Proposal 2.1.1: If enhanced TA-based PDC is supported, the configuration of an UL signal (e.g. SRS) for enhanced TA should only be considered in case the Te margin component of Te cannot be reduced (depending on RAN4 input).
Observation 2.1.3: For enhanced TA-based PDC without reducing Te, it is not possible to meet control-to-control synchronicity budget by any means for 15kHz SCS.

Based on this discussion on RTT-based PDC in Sec. 2.2, we have the following observations and proposals:
Observation 2.2.1: In the worst case, i.e., lowest bandwidth reference signals configured for Rx-Tx, RTT-based PDC can meet the synchronicity budget of control-to-control as long gNB and UE implementation margins are below 24.3ns and 117.8ns for 15kHz and 30 kHz, respectively.
Observation 2.2.2: For RTT-based PDC, assuming high bandwidth reference signals as needed for enhanced TA, the control-to control synchronicity budget can be satisfied up to a total implementation margin of gNB and UE of 164.4ns and 181.6ns for 15kHz and 30kHz, respectively.
Observation 2.2.3: For a granularity of 2k*Tc with k=5, the contribution of the indication error corresponds to less than 1.5% of the control-to-control budget.  
Proposal 2.2.1: A single granularity for the Rx-Tx measurement report, such as 32Tc, is supported for RTT-based PDC. No specification of report granularity configuration should be needed. 
Observation 2.2.4: For UE Rx-Tx report, in case gNB-side PD estimation is supported, the measurement report value range should only be positive and designed for the maximum supported distance to the serving cell.  
Observation 2.2.5: For gNB Rx-Tx report, in case UE side PD estimation is supported, the measurement report value range can be negative and positive. A smaller range, e.g. equivalent to cyclic prefix length, should be sufficient since UL subframe transmissions received in gNB are time aligned with DL subframe.  
Proposal 2.2.2: RAN1 to conclude that a smaller reporting range for Rx-Tx measurement can be defined for RTT-based PDC, since only serving cell measurement is considered for PDC. The exact range should be determined by RAN4. 

Based on this comparison between TA- and RTT-based PDC in Sec. 2.3, we have the following observations and the related way forward proposal:
Observation 2.3.1: Between enhanced TA and RTT based PDC, the latter has better accuracy, lowest overhead, better coverage and is less complex to specify by reusing definitions from positioning specifications.  
Observation 2.3.2: Legacy TA based PDC reuses existing capability of UEs, has no overhead, has the lowest specification effort, and is sufficient to satisfy the synchronicity budget of less strict use cases as concluded in RAN1. Not supporting Legacy TA based PDC should be carefully justified. 
Proposal 2.3.1: RAN1 to support Legacy TA-based PDC to cover the less strict use cases with the zero overhead and support RTT-based PDC method for covering the strictest time synchronization use cases. 

The discussion on CSI feedback enhancements in section 3 can be summarized in the following proposals:
Proposal 3.1.1: RAN1 may further confirm/clarify the assumed CSI reference resource bandwidth for SB/WB CQI calculations when SB-CQI reporting has been configured:
· the UE uses two different bandwidth assumptions, one (sub-band bandwidth) for deriving SB CQI indexes and another (entire CSI reporting band) for deriving WB CQI index as part of SB CQI report.
Proposal 3.1.2: In sub-band offset level computation, the TBS assumption used for SB CQI index computation shall be used also for WB CQI index computation.
Proposal 3.1.3: gNB can configure the TBS assumption that UE shall use in CQI index computation. UE shall use the derived TBS assumption (derived according to existing specification) or the gNB configured TBS assumption, whichever is smaller.
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Appendix – PDC agreements from previous meetings
Agreements from RAN1#102e (email discussion in R1-2007068)
Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronization
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs



Agreements:
· [image: ]±8*64*Tc/2m as the TA indicating error is assumed in the evaluation.

Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreements:
The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.  

Agreements:
Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.  

Agreements:
100 ns is assumed for BS detecting error.  

Agreements:
Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.   
Agreements:
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.   

Agreements:
Send an LS to RAN2 with the content including      
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

Draft LS in R1-2007445 is approved, with final LS in R1-2007446.

Agreements from RAN1#103e (email discussion in R1-2009551)
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns


Agreements from RAN1#104e (email discussion in R1-2101896)

Agreements: Take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for TA based propagation delay compensation, if downlink frame timing detection error needs to be considered separately.
· Send a LS to RAN4 to ask for clarification on whether downlink frame timing detection error is included in Te or not
· In the LS, to include more details about option 1 (included) & option 2 (not included); also including the necessary background 
· FFS whether to apply the same value to RTT-based propagation delay compensation, and the corresponding condition (if any) if the same value will be applied

Draft LS (in v008) (R1-2102224) is approved. Final LS in R1-2102245

Agreements from RAN1#104bis-e (email discussion in R1-2104136.zip)
Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for RTT based propagation delay compensation
Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.    
[image: ]
· FFS whether errorBS,DL,TX in the above equation should be included or not. 

Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Working assumption:
[image: ]
Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.

Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used

Conclusion:
· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.

[bookmark: _Hlk85805491]Agreements from RAN1#106-e (email discussion in R1-2108384)

Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2m)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.
LS is endorsed in R1-2108635.

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
[image: ]
·  is to reflect the error due to indication granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
[image: ]
·  is to reflect the error due to indication granularity of Rx-Tx time difference
· Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing

Agreements from RAN1#106bis-e (email discussion in R1-2110651.zip)
[bookmark: OLE_LINK11]Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC

Agreement
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC

Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.
 
Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity
 
Conclusion
When evaluating enhanced TA-based PDC, there is no need to replace Te by TA adjustment error.

Agreement
Send an LS to RAN2 and CC RAN4 with the content including:  
· The latest available status on PDC methods in RAN1, e.g. key agreements achieved for TA-based PDC and RTT-based PDC. 
LS is endorsed in R1-2110647.

Agreement
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 

Agreement
If enhanced TA-based PDC with reduced Te based on TRS is supported in Rel-17, one CSI-RS for tracking (TRS) configuration is configured for enhanced TA-based PDC.
· FFS whether/how to configure UL signal for enhanced TA-based PDC 
 
Agreement
If enhanced TA-based PDC with enhanced TA command indication granularity is supported in Rel-17, 
· The enhanced TA command indication granularity introduced for enhanced PDC is applied for PDC purpose, which doesn’t have impact on normal TA procedure, i.e. normal TA procedure will still follow the existing TA command indication granularity. 
 
Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
1. FFS the value of k
1. FFS the reporting range of Rx-Tx time difference measurement for PDC
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