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In this contribution, we will continue discuss on the physical channels of PUSCH for VoIP and PUCCH for Msg4 HARQ-ACK under set-1 LEO-1200 LOS evaluation scenario. 
PUCCH for Msg4 HARQ-ACK
In the following, we provide further analysis based on the remaining issues based on the agreements achieved in RAN1#112. 
Application range of PUCCH repetition in NTN study
In RAN#99, a proposal was raised by DOCOMO [5] concerning the application range of the coverage enhancements for PUCCH. Companies acknowledged an issue that there is a potential gap between Msg4 ACK_NACK and the configuration of dedicated PUCCH.  
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[bookmark: _Ref131433274]Figure 1 Illustration of RRC procedure delay
As defined in TS38.331, the processing delay requirements for RRC procedures is illustrated in Figure 1. And the RRC procedure delay  is defined as 10ms for the RRC setup procedures, as in Table 12.1-1 in TS38.331. Therefore, according to the discussion in RAN#99, one or more subsequent PDSCH may be  scheduled with a HARQ-ACK conveyed on a common PUCCH during the 10ms duration between when Msg4 is transmitted and when UE receives the UL grant. 
To our understanding, if the application of PUCCH repetition in NTN is extended to this RRC procedure delay, it would make sense to clarify what kinds of DL message is to be scheduled during the RRC procedure delay duration. 
Proposal 1: RAN1 to clarify the DL messages that might be scheduled during the RRC procedure delay duration. 
Signaling design for repetition request or capability report 
During RAN1#112, the following working assumption was achieved as the container of the repetition request or capability report for PUCCH repetition of Msg4 HARQ-ACK.
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports



· Option A: PRACH preamble and/or occasion.
Option A is that UE sends request/report through dedicated PRACH preamble and/or occasion. Such method is the similar mechanism used for Msg3 PUSCH repetition request in Rel-17. And it is quite straight forward to reuse the same mechanism. Therefore, we think option A can be similarly reused for the report of repetition request or capability report of PUCCH repetition of Msg4 HARQ-ACK. Some dedicated PRACH resources can be configured for the use of UE sending request/report for Msg4 HARQ-ACK repetitions to the gNB. 
Proposal 2: Support option A, i.e. using PRACH preamble and/or occasion, as container of the repetition request or capability report indicated by UE.
In RAN1#112, there are concerns raised on option A with respect to the additional introduced PRACH resource segmentations. On the one hand, considering the backward compatibility issue, separate PRACH resources should be configured for Rel-17 NR NTN UEs if option A were to be adopted. On the other hand, as specified in TS38.331, there are currently 4 supported Rel-17 features that relates with the PRACH resource to report the request or capability (i.e. the redCap-r17, the smallData-r17, the nsag-r17, and the msg3-Repetitions-r17), where each feature should be able to link to sets of dedicated PRACH resources for enabling a dedicated RACH procedure that configured by the NW. However, not all of the supported features are ought to be configured together by the NW. In fact, the introduced feature related to Msg4 HARQ-ACK repetition may only need to be configured together with one more or a few other features during RACH, for some specific satellite cell coverage. In short, the added feature does increase the possibility of further segmentation but not necessarily contribute to Msg1 collisions very much. 
Regarding the FFS bullet of “FFS: whether or not indication of repetition factor is assumed”, further PRACH partitioning is needed and more RSRP thresholds might be required. Meanwhile, even if the requested repetition factor could be reported by UE, it can be still regarded as reference values for gNB scheduling. Considering above reasons, repetition factor request is not preferred in option A. 
Proposal 3: Do not support repetition factor request in option A.
· Option B: by higher layer of Msg3 PUSCH.
With option B, higher layer signaling of Msg3 PUSCH during RACH procedure are used as signaling container for the use. In general, two types of Msg3 exist in NR, i.e., one is Msg3 containing the C-RNTI MAC CE and the other type is the Msg3 containing UL CCCH. According to TS 38.321, when the Msg3 contains C-RNTI MAC CE, a PDCCH scheduling UL grant is feedback, rather than a PDCCH scheduling Msg4. Therefore, Msg4 HARQ-ACK repetition is not relevant for the case when Msg3 carries the C-RNTI MAC CE.
[image: ]
Figure 2 R/LCID MAC subheader
Based on  that depicts the subheader structure for a MAC SDU containing UL CCCH (Clause 6.1.3 in TS38.321), two fields can be used as signaling container for Msg4 HARQ-ACK repetition request/capability report, which are the 2 reserved bits “R”, and the 7 reserved codepoint/index represented by the 6-bit-LCID field, respectively. As for the LCID codepoints, the MAC SDU containing UL CCCH takes up 4 different LCID values, i.e., 0, 35, 36, and 52, for different scenarios that with/without RedCap and for 48 bits/64 bits CCCH. As a consequence, if the reserved codepoint were to be exploited, at least 4 different reserved LCID codepoint within the index range of 37~42 and 47 should be specified. However, the details and the feasibility of higher layer signalling should be checked with RAN2. 
Observation 1: If option B is adopted, the feasibility of higher layer based signalling needs to be checked by RAN2.
· Option C: by physical layer of Msg3 PUSCH.
For option C, physical layer signaling in Msg3 PUSCH shall be changed and additional complexity would be introduced to do blind detection of DMRS ports or scrambling code. 
For example, the DMRS port/Scrambling code were to be changed for the purpose of UE requesting/reporting of Msg4 HARQ-ACK repetition. To our understanding, apart from the specification impact, option C obviously introduces additional modification of processing of physical layer channels at the gNB, meanwhile need more blind detection under different hypothesis of DMRS port/scrambling to demodulate/decode of PUCCH.
Furthermore, to use DMRS ports or scrambling codes to indicate the request of repetition may have impact on the physical layer performance. This may need more discussion and link level simulations to verify the performance loss.
Compared with option A and option B, Option is not preferred.
Proposal 4: Among the three options, option C is not preferred considering it introduces unnecessary gNB blind detection of PUCCH.
RSRP threshold for Msg4-ACK PUCCH repetition request
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



The working assumption was agreed in RAN1#112 to trigger a UE sending request to the gNB. As some remaining issues of the working assumption, it is FFS on the value of X. Based on the signaling design in TS38.331, different kinds of RSRP threshold actually uses the same type definition RSRP-Range, in which a same value range is used. The value range of this IE starts from 0 to 127, where if the IE value is 127 the value is actually considered as infinity according to the specification. We didn’t see a reason to change this design in current specification. Therefore, we think X seems reasonable to be 127 for the RSRP threshold of PUCCH repetition for Msg4 HARQ-ACK. 
Proposal 5: The value 127 in current specification is reused for X for the triggering RSRP threshold of Msg4 HARQ-ACK repetition. 
Furthermore, there is some debate on whether the specification allows the RSRP threshold is not configured by the gNB. Due to this debate, this was agreed as working assumption. However, we think this is actually the RRC signalling design details and it is up to RAN2 expertise. We can just simply leave RAN2 for the details on the signalling. 
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[bookmark: _Ref118099506]Figure 3 UE choose different preambles to request PUCCH repetition based on SSB RSRP
According to our previous contribution [2], the link budget for Msg4 HARQ-ACK can be 3dB better than the link budget for Msg3 PUSCH, which means that UE who needs Msg4 HARQ-ACK repetition also needs Msg3 repetition. Thus, it is reasonable to set the triggering RSRP threshold for Msg3 repetition higher than the triggering RSRP threshold for Msg4 HARQ-ACK repetition. Therefore, the Alt-B should be adopted, i.e. new RSRP threshold is introduced compared with the threshold for Msg3 repetition. As an example in Figure 3, two thresholds are configured for UE to decide whether to request only Msg3 repetition or both Msg3 and PUCCH repetition. When the measured SSB RSRP is lower than Threshold 2, UE request both the repetition of Msg3 and PUCCH simultaneously.
Proposal 6: A new RSRP threshold is introduced for PUCCH repetition of Msg4 HARQ-ACK, which could be configured different from the RSRP threshold for Msg3 repetition request, considering PUCCH of Msg4 HARQ-ACK can have better link budget than Msg3. 
Signaling design for dynamic repetition indication
From the agreement made in RAN1#112, 4 alternatives are listed for dynamic repetition factor indication of Msg4 HARQ-ACK transmission. 
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)



Firstly, it is not preferred to change the size of the DCI format 1_0. Therefore, we do not prefer Alt 1-2 by introducing new DCI fields. Apart from this, Alt 1-1 provides the following DCI fields that might be reused/reinterpreted in the existing DCI format 1_0.
Alt 1-1a proposes reinterpretation of MCS field in DCI 1_0 for the indication of Msg4 PUCCH-ACK repetition, the reason behind is that the modulation order and the coding rate for transmission of Msg4 in NTN does not need to be large, due to the relatively low link budget. Hence, the 3LSB of this field (MCS 0~7) are enough for Msg4 PDSCH scheduling. Consequently, the 2MSB of MCS field 1_0 can be redefined for Msg4 HARQ-ACK repetition indication of 4 repetition factors (1, 2, 4, and 8). Besides, the similar approach has been already exploited in NR specifications in DCI format 0_0 for dynamic indication of Msg3 PUSCH repetition indication. Therefore, Alt 1-1a is preferred.
Alt 1-1b refers to the PUCCH resource indicator (PRI) field in DCI 1_0. In the current specification, Alt1-1b is not preferred for its impact on the PUCCH frequency resource scheduling flexibility. 
Alt 1-1c refers to the HPN field in DCI 1_0. The 4-bit HPN supports 16 HARQ process in total for the UE.  Nevertheless, using 2bits in this field for indication of Msg4 HARQ-ACK repetition factor leads to only 4 HARQ process number available for DCI 1_0 scrambled with TC-RNTI. Apart from the backward compatibility issue for the Rel-17 NR NTN UE, such choice impacts the flexibility for HPN configuration. For instance, when UE is in RRC connected and a RACH procedure is initiated, the choice of HPN value in DCI 1_0 for scheduling Msg4 may need to consider collision with other HARQ process. Therefore, the HPN field is better not be reused for the indication of Msg4 HARQ ACK repetition factor. 
For Alt 1-1d, some companies propose to use the DAI field which is reserved in DCI format 1_0 scrambled by TC-RNTI. However, these two bits are preferred to be kept for future purpose if MCS field can already support the indication of PUCCH repetition number.
Alt 1-1e proposes to reinterpret the 3-bit PDSCH-to-HARQ_feedback timing indicator field. With bits reinterpreted, candidate “K1” values are strictly mapped to each the repetition factor. For example, with SCS configuration being  , bit string “100” means K1=2. If the 2 LSB were to be reinterpreted, the repetition factor is fixed to n2 when K1=2. As such, the scheduling flexibility would be affected. Thus Alt 1-1e should not be considered if other alternatives can address the issue. 
Alt 2 proposed a mapping relationship with PUCCH repetition factor and the Msg3 PUSCH repetition factor that indicated in DCI 0_0. The specification impact could be that a mapping table needs to be defined in the specification with multiple columns representing different mapping relationships of PUCCH repetition factors. As a consequence, additional higher layer signaling, or DCI, MAC CE indication is expected for gNB to indicate one specific mapping relation (i.e., 1 column from the mapping table) to UEs. Nevertheless, if RAN1 decides that repetition factor for Msg4 HARQ-ACK can be indicated by DCI scheduling Msg3 PUSCH, Alt 2 can be considered. 
Alt 3 should not be considered considering it shall change the processing on physical channels on UE for the CRC check process. Meanwhile the usage of some bits of CRC shall impact the physical layer channel performance, e.g. the FAR of the DCI detection.  In our view, considering other methods exist, there is no need to adopt Alt.3 with this change in CRC checking process if no additional benefit considering 
Alt 4 is a similar design as Alt2 that maps specific Msg3 PUSCH repetition factor to Msg4 HARQ-ACK repetition factor, but without additional indications on the mapping relationship. In such way, the mapping relationship of repetition factors between two channels are fixed. Compared with Alt.4, Alt.2 is more preferred considering the flexibility on gNB. 
In summary, we have the following proposal on the supported method for dynamic repetition factor indication of Msg4 HARQ-ACK transmission.
Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, further discuss and down select from the following alternatives for dynamic indication of repetition factor from gNB:
· Alt 1-1a: MCS field in DCI scheduling the Msg4 PDSCH.
· Alt 2: Field in DCI scheduling Msg3 PUSCH, where PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a predefined/configured relationship between PUCCH repetition factor and Msg3 repetition factor (with impact on DCI design).
PUSCH for VoIP
In RAN1#112, RAN1 has the following observations:
	For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit



The impact of phase difference limit is further discussed in the section.
0. Impact of phase difference limit
In the past several meetings, the requirements of NTN that may be related with DMRS bundling can be categorized as three aspects: (1) Timing error limit (2) Frequency error limit (3) Phase difference limit. For the timing error limit and frequency error limit, the analysis can be found in [3] and it can be concluded that DMRS bundling window should be no longer than 13 ms when the elevation angle is 30 degree. Whereas for the phase difference limit, the following two issues should be clarified firstly.
1. Whether the phase difference limit should consider the real transmission channel influence.
1. If the channel influence should be considered, then what is the main reason that impact on the phase difference for NTN channel?
The measurement point for phase offset measurement is defined as shown in Figure 3. The measurement is tested at UE side with a receiver connect to the transmitter directly, which means that the channel is AWGN. In fact, TN channel is mainly static during the transmission period so that may have little impact on the phase rotation. Thus, the performance of DMRS bundling at gNB side can be guaranteed with the phase rotation limit. 
However, NTN channel suffers large timing drift and Doppler frequency shift due to the movement of the satellite, which would lead to a different phase difference between UE side and gNB side. 


Figure 3 Measurement point for phase offset for DMRS bundling
Observation 2: Phase difference limit defined for TN does not consider the impact of channel in current RAN4 test case, whereas NTN channel would have large influence on the phase difference at receiver.
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Figure 4 Timing drift of NTN

In RAN1 #112 meeting, the frequency pre-compensation has been considered unnecessary since the frequency shift variety is much smaller compared with the requirement of 0.1ppm. Thus the main reason that impacts the phase continuity due to NTN channel is the timing drift. As shown in Figure 4, timing drift can be as large as 70.5 when elevation angle is 30 degree. For a carrier bandwidth of B=5MHz, suppose that the PRB number is 25, UE allocated at different PRBs may have different phase difference due to the timing drift, especially when they are in a wide serving beam. Here the edge of the carrier bandwidth and the timing drift of 70.5μs/s are used to calculated the maximum phase rotation 

where N is the number of slots. The phase rotation is about 57 degree with 1 ms duration, thus pre-compensation of UE or post-compensation of gNB is needed to support DMRS bundling in NTN. For pre-compensation at UE side, a new TDW capability can be reported to help gNB configure a proper bundling window depending on UE reports.
Observation 3: Phase difference limit cannot be satisfied over multiple slots for carrier bandwidth 5 MHz, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed. 
Proposal 8: Consider timing drift pre-compensation update at UE side in NTN based on UE report to satisfy the phase difference requirement for DMRS bundling.

0. The necessity of further enhancement to enable DMRS bundling for NTN 
Following the agreed simulation parameters in Table 2 in Appendix A, the PUSCH BLER performance for VoIP is illustrated in Figure 5, considering the existing coverage enhancement supported by Rel-17, which includes TBoMS. For the low SNR range, the channel estimation performance is the bottleneck of the BLER performance. To investigate the performance bound of the DMRS bundling, the ideal channel estimation (ICE) results are illustrated along with the realistic channel estimation (RCE) results without DMRS bundling. Here, the ICE with the perfect channel estimation represents the best achievable DMRS bundling performance. 
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Figure 5 PUSCH performance for VoIP under rural NTN-TDL-C (Rel-17 NR NTN without antenna switching)
Figure 5 shows the upper bound (best achievable performance) of DMRS bundling only, i.e. the ideal channel estimation performance, requires an SNR of -8.81 dB for rBLER 2%, which is still 2.24 dB higher than the achievable CNR (-11.05 dB) from the link budget analysis. Thus, it does not make sense to consider DMRS bundling only considering the ideal performance gain is 2.13 dB and the minimum coverage GAP of set-1 LEO 1200 PUSCH for VOIP is still 2.24 dB. 
Observation 4: The upper bound performance of utilizing DMRS bundling only, i.e. the SNR @2%rBLER with the ideal channel estimation performance, is still 2.24dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP.
Furthermore, based on the simulation results in Figure 5, if only antenna switching is applied, the SNR working point @2%rBLER is -9.88 dB, which is even about 1 dB better than the upper bound performance of DMRS bundling only (-8.81 dB).
Observation 5: Utilizing antenna switching can achieve 1 dB better performance than that of the upper bound performance of utilizing DMRS bundling only, i.e. the ideal channel estimation performance.
Therefore, there is no need to discuss the solutions to enable the use of DMRS bundling only, if antenna switching is not jointly considered.
Proposal 9: There is no need to discuss any solution to only enable the use of DMRS bundling for NTN, if antenna switching is not jointly considered based on the upper bound performance of utilizing DMRS bundling.
Based on the above observations and the PUSCH simulation results in [4], antenna switching is an efficient way for coverage enhancement of NTN. Therefore, we investigate the best performance that can be provided when DMRS bundling is performed for the case when antenna switching is disabled and enabled, respectively. The simulation results are plotted in Figure 6.
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Figure 6 PUSCH performance for VoIP under rural NTN-TDL-C with DMRS bundling

DMRS bundling performance when antenna switching is not enabled
For the case with the ATDW size is 12, there cannot be two 12ms-TDW transmissions considering the total budget of a single VoIP packet is 20ms. Consequently, in our simulation for the curve with ATDW = 12, the two used TDW sizes of the JCE are 12 and 8, respectively, for the first and second DMRS bundles. As a result, the performance of ATDW = 12 is no better than ATDW = 10 in Figure 6.  There is no need to need or set an actual TDW longer than 10 ms for VoIP.
Observation 6: For PUSCH VoIP, setting nominal TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 7: For PUSCH VoIP, DMRS bundling could provide a maximum 1.58 dB gain for the case when antenna switching is disabled.
Observation 8: For PUSCH VoIP, DMRS bundling performance is still 2.79 dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP when antenna switching is disabled.
DMRS bundling performance when antenna switching is enabled
When antenna switching is used, the phase continuity will break at the antenna switching point. Consequently, the antenna switching will constrain the length of the actual TDW. Therefore, the performance of DMRS bundling with antenna switching should be jointly investigated. 
Observation 9: Antenna switching cannot be executed within a DMRS bundle; otherwise the phase continuity and power consistency cannot be guaranteed within the DMRS bundle.
In the simulation, for the DMRS bundling with antenna switching enabled, the antenna switching interval is set as 1, 2, 4, 8, 10, and 12 and the corresponding actual TDWs are determined by antenna switching intervals to ensure the phase continuity complies with clause 6.4.2.5 in TS 38.101‑1. Here, the antenna switching and DMRS bundling are performed jointly across the PUSCH transmission. The BLER vs. SNR performances in Figure 6 are summarized in Table 1.
In the following table, the terminology of “ATDW” represents the actual TDW. The case of “ATDW=1” can represent the case when there is no DMRS bundling and the case of “ICE” represents the best performance that could be achieved by DMRS bundling, antenna switching, repetitions and TBoMS. 
Table 1 Coverage analysis for PUSCH VoIP with DMRS bundling
	PUSCH VoIP
	DMRS bundling Setting
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Antenna switching on/off
	Actual TDW
	Required SNR@rBLER2% (dB)
	Coverage Gap (dB)

	
	
	
	
	
	
	
	

	LEO-1200
	1
	30
	-11.05
	off
	1(JCE Disable)
	-6.68
	4.37

	
	
	
	
	On (AS interval=1)
	1 (JCE Disable)
	-9.64
	1.41

	
	
	
	
	off
	2
	-7.55
	3.5

	
	
	
	
	On (AS interval=2)
	2
	-10.31
	0.74

	
	
	
	
	On (AS interval=2)
	1 (JCE Disable)
	-9.88
	1.17

	
	
	
	
	off
	4
	-7.93
	3.12

	
	
	
	
	On (AS interval=4)
	4
	-10.79
	0.26

	
	
	
	
	off
	8
	-8.14
	2.91

	
	
	
	
	On (AS interval=8)
	8
	-10.55
	0.5

	
	
	
	
	off
	10
	-8.26
	2.79

	
	
	
	
	On (AS interval=10)
	10
	-10
	1.05

	
	
	
	
	off
	12
	-8.25
	2.8

	
	
	
	
	On (AS interval=12)
	12
	-9.96
	1.09



Observation 10: To meet the set-1 LEO-1200 PUSCH for VoIP, antenna switching should be jointly considered with DMRS bundling. 
Smaller antenna switching interval could exploit more spatial diversity within the 20ms VoIP transmission time budget, while larger TDW could provide more channel estimation gain. Therefore, when jointly using DMRS bundling with antenna switching, the required SNR is not monotone decreasing with the increase of TDW size, which is the same as the interval for antenna switching. For this simulation, the UE is able to transmit the PUSCH among 4 antennas. Under the case when the ATDW and antenna switching interval (ASInter) equal to 4, the coverage performance achieves the best trade-off between spatial diversity gain, and joint channel estimation gain among the simulated cases. Thus, the actual TDW should be jointly determined by the nominal TDW and antenna switching interval, which achieves the trade-off between channel estimation gain from DMRS bundling and spatial diversity gain by antenna switching. 
Observation 11: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to 2.79 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 12: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to the 1.17 dB minimum coverage gap that can be provided by only using antenna switching.
In RAN1#112, there are other proponents evaluates the performance of jointly application of DMRS bundling and antenna switching in [4] and [5]. 
In [4], the observation is:
· If 10-percentile SNR is considered, antenna switching has 1 dB gain and the transmit precoding has 3.7 dB gain. If 1-percentile SNR is considered, antenna switching has 2.4 dB gain and precoding has 5 dB gain.
In [5], the observations are:
· The antenna switching gives a gain of 2.3-2.4 dB in the evaluated scenarios.
· For PUSCH DMRS bundling, TX antenna switching between the TDWs can provide a substantial gain.
Therefore, the performance benefit is verified by at least three proponents to consider DMRS bundling and antenna switching jointly. 
Proposal 10: Support the mechanism to jointly utilize antenna switching and DMRS bundling for NTN.
0. TDW determination 
Based on the simulations and observation obtained in Section 3.2, the actual TDW size should be jointly determined by the nominal TDW size and antenna switching interval to explore the best coverage performance by the trade-off between channel estimation gain from DMRS bundling and spatial diversity gain by antenna switching.   
Based on the simulations mentioned in Section 3.1, there is a tradeoff between spatial diversity gain and channel estimation gain on deciding the TDWs. However, gNB may not know that the antenna switching interval performed by UE. Therefore, assistance information, e.g. reported antenna switching interval length, needs to be reported to explore good coverage performance .
Proposal 11: Support UE report of information for antenna switching, e.g. the antenna switching interval, to determine the actual TDW size used for DMRS bundling.


According to the above analysis, the actual TDW will anyway not larger than the maximum duration, within which phase difference limit, timing and frequency error requirement are satisfied. As the maximum duration is based on UE’s capability, e.g. whether timing drift pre-compensation is used in TDW and antenna switching interval used, the nominal TDW can be configured by gNB based on UE’s report which takes phase difference limit, timing and frequency error requirement into consideration. When antenna switching is further adopted, it can be an event to decide the actual TDW within the nominal window or considered in the reporting from UE for the nominal TDW determination.
Proposal 12: Report the maximum duration, within which phase difference limit, timing and frequency error requirement are satisfied based on UE’s capability. Antenna switching can be an event to decide the actual TDW within the nominal window or considered in the reporting from UE for the nominal TDW determination.


Conclusions
In summary, we discuss on the coverage enhancement for NR NTN. The following observations and proposals are made: 
Observation 1: If option B is adopted, the feasibility of higher layer based signalling needs to be checked by RAN2.
Observation 2: Phase difference limit defined for TN does not consider the impact of channel in current RAN4 test case, whereas NTN channel would have large influence on the phase difference at receiver.
Observation 3: Phase difference limit cannot be satisfied over multiple slots for carrier bandwidth 5 MHz, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed. 
Observation 4: The upper bound performance of utilizing DMRS bundling only, i.e. the SNR @2%rBLER with the ideal channel estimation performance, is still 2.24dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP.
Observation 5: Utilizing antenna switching can achieve 1 dB better performance than that of the upper bound performance of utilizing DMRS bundling only, i.e. the ideal channel estimation performance.
Observation 6: For PUSCH VoIP, setting nominal TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 7: For PUSCH VoIP, DMRS bundling could provide a maximum 1.58 dB gain for the case when antenna switching is disabled.
Observation 8: For PUSCH VoIP, DMRS bundling performance is still 2.79 dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP when antenna switching is disabled.
Observation 9: Antenna switching cannot be executed within a DMRS bundle; otherwise the phase continuity and power consistency cannot be guaranteed within the DMRS bundle.
Observation 10: To meet the set-1 LEO-1200 PUSCH for VoIP, antenna switching should be jointly considered with DMRS bundling. 
Observation 11: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to 2.79 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 12: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to the 1.17 dB minimum coverage gap that can be provided by only using antenna switching.
Proposal 1: RAN1 to clarify the DL messages that might be scheduled during the RRC procedure delay duration. 
Proposal 2: Support option A, i.e. using PRACH preamble and/or occasion, as container of the repetition request or capability report indicated by UE.
Proposal 3: Do not support repetition factor request in option A.
Proposal 4: Among the three options, option C is not preferred considering it introduces unnecessary gNB blind detection of PUCCH.
Proposal 5: The value 127 in current specification is reused for X for the triggering RSRP threshold of Msg4 HARQ-ACK repetition. 
Proposal 6: A new RSRP threshold is introduced for PUCCH repetition of Msg4 HARQ-ACK, which could be configured different from the RSRP threshold for Msg3 repetition request, considering PUCCH of Msg4 HARQ-ACK can have better link budget than Msg3. 
Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, further discuss and down select from the following alternatives for dynamic indication of repetition factor from gNB:
· Alt 1-1a: MCS field in DCI scheduling the Msg4 PDSCH.
· Alt 2: Field in DCI scheduling Msg3 PUSCH, where PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a predefined/configured relationship between PUCCH repetition factor and Msg3 repetition factor (with impact on DCI design).
Proposal 8: Consider timing drift pre-compensation update at UE side in NTN based on UE report to satisfy the phase difference requirement for DMRS bundling.
Proposal 9: There is no need to discuss any solution to only enable the use of DMRS bundling for NTN, if antenna switching is not jointly considered based on the upper bound performance of utilizing DMRS bundling.
Proposal 10: Support the mechanism to jointly utilize antenna switching and DMRS bundling for NTN.
Proposal 11: Support UE report of information for antenna switching, e.g. the antenna switching interval, to determine the actual TDW size used for DMRS bundling.
[bookmark: _GoBack]Proposal 12: Report the maximum duration, within which phase difference limit, timing and frequency error requirement are satisfied based on UE’s capability. Antenna switching can be an event to decide the actual TDW within the nominal window or considered in the reporting from UE for the nominal TDW determination.
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Appendix A: link level evaluation assumption
A.1 PUSCH
For the agreed simulation scenario, channel model/delay spread, and NTN system bandwidth, the frequency hopping could not provide attractive performance gain for PUSCH. Thus, the frequency hopping is disabled in the simulation. 
As 2 transmit chains will require more power consumption, which will challenge the power supply and the cost of the UEs, only 1 transmit chain is adopted in our simulation.
To maximize the Link Budget, we consider 2 PRBs for both VoIP and Msg.3 simulation.
As AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) is agreed for VoIP simulation, adopting the MCS 11 in MCS Table 6.1.4.1-2 in [7] or MCS 5 in MCS Table 6.1.4.1-1 [7] could provide a TBS equalling to 208, which is just above 184.
For Msg.3, the agreed TBS is 56, which could adopt MCS 6 in MCS Table 6.1.4.1-2 in [7] or MCS 0 in MCS Table 6.1.4.1-1 [7] with Modulation Order Qm=2 to meet the requirements. 
For low data rate 100kbps, adopting MCS 8 in MCS Table 6.1.4.1-1 in [7].
PUSCH for VoIP
[bookmark: _Ref111126205][bookmark: _Ref110001381][bookmark: _Ref110001375] Table 2 PUSCH VoIP simulation assumption
	[bookmark: _Hlk110968180]Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	[bookmark: _Hlk110957804]TBoMS
	N= {4}

	BLER
	For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.
PUSCH mapping Type A, DMRS positions defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Repetitions 
	w/ type A repetition, M = {4,5}


	MCS for VoIP
	MCS 5 in MCS Table 6.1.4.1-2 in [TS 38.214] 

	Number of PRBs
	2



A.2 PUCCH
The simulation of PUCCH is restrict to PUCCH format-1 (1bit) for Msg4 HARQ-ACK according to [4]. The resource allocation and other simulation assumptions are listed in Table 3.
Intra-slot and inter-slot frequency hopping are applied in the simulation based on the channel bandwidth listed in Table 5.3.5-1 in 38.101-5, where the two-hops of PUCCH occupies the first and the last PRB of the satellite bandwidth, respectively. User multiplexing and inter-cell interference are not considered, therefore group and sequence hopping and cyclic shift hopping are disable in the simulation, for PUCCH format-1.
[bookmark: _Ref110442712]Table 3 PUCCH simulation assumption
	Parameter
	Value

	PUCCH format 
	Format 1, 1bits UCI.

	Repetition
	Enabled/disabled

	Frequency hopping
	Inter/intra-slot frequency hopping enabled/disabled

	DMRS bundling
	Enabled/disabled

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%;
ACK missed detection probability: 1%

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 1: 7

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Residual CFO
	200Hz (35Hz) for disabled (enabled) DMRS bundling



Appendix B: link budget analysis
[bookmark: _Ref109997187]Table 4 Link budget results
	PHY Channel
	SCS (KHz)
	Bandwidth
(Number of PRB)
	Orbit_ParaSet_Elevation
	CNR (dB)

	PUCCH format 1/3
	15
	1
	GEO_SET1_12.5o
	-16.23

	
	
	
	GEO_SET2_20o
	-21.07

	
	
	
	LEO1200_SET1_30o
	-8.04

	
	
	
	LEO1200_SET2_30o
	-14.04

	
	
	
	LEO600_SET1_30o
	-2.65

	
	
	
	LEO600_SET2_30o
	-8.65

	PUSCH for VoIP
	15
	2
	GEO_SET1_12.5o
	-19.24

	
	
	
	GEO_SET2_20o
	-24.08

	
	
	
	LEO1200_SET1_30o
	-11.05

	
	
	
	LEO1200_SET2_30o
	-17.05

	
	
	
	LEO600_SET1_30o
	-5.66

	
	
	
	LEO600_SET2_30o
	-11.66

	[bookmark: _Hlk111036202]
	
	
	LEO600_SET1_30o
	-1.82

	
	
	
	LEO600_SET2_30o
	-7.82
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