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Introduction
[bookmark: _Hlk22834419]Joint channel estimation across repetitions for NR coverage enhancement was discussed in RAN1#104-e [1] and relevant agreements are captured in the following. This contribution discusses enhancements on joint channel estimation over multiple repetitions of a PUSCH transmission.
Time domain window
To perform joint channel estimation across repetitions of a PUSCH transmission, a same power and phase should be preserved over the repetitions. In RAN4’s response [2], the following conditions should be met in order to maintain a same power and phase:
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC.
· No UL beam switching for FR2 UE occurs.
In RAN1#104-e, use of a time domain window was considered to establish the above prerequisites.
	Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured.
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.


The time domain window is a duration over which a UE is expected to maintain a same power and a same phase across repetitions of a PUSCH transmission.
Observation 1: The time domain window is defined as the duration in which the power consistency and phase continuity are preserved for joint channel estimation. 

To maximize a benefit of joint channel estimation across repetitions, the network should determine an optimal length for a time domain window. Consideration for an optimal length can include for how long a UE can maintain a same power or a same precoding for repetitions of the PUSCH transmission. The length of time domain window can be configured by the network, for example depending on how long the network can tolerate a UE to ignore TPC commands and not adjust a transmission power. Based on the time domain window, the UE can control PUSCH transmission power and apply a same configuration (e.g. constant redundancy version, frequency position, etc.) over corresponding repetitions of the PUSCH transmission. Figure 1 shows an example for a time window and performing power adjustments over different time windows.
Based on lengthy studies in LTE eMTC, DM-RS interpolation can provide substantial SINR gains [4] but those gains do not materialize in the presence of CFO [5]. The results were for the equivalent of a 1 msec slot and 15 kHz SCS at 2 GHz carrier frequency and can be extended to a 0.5 msec slot and 30 kHz SCS at 3.6 GHz carrier frequency. For example, for a frequency error accuracy requirement of ±0.1ppm, a frequency error is ±200Hz at 2 GHz or ±360Hz at 3.6 GHz, resulting to a phase drift of 2/5 or 3.6/5 per msec which is too large for DM-RS interpolation to be beneficial even if limited to only two repetitions. Moreover, due to the phase drift, when DM-RS is combined and the data is not combined over repetitions, the phase of the resulting DM-RS for demodulation of data is different than the phase of the data in any of the repetitions. As a result, for DM-RS interpolation in presence of CFO, LLR combining fails and I/Q combining is required for the data [5]. Therefore, in addition to maintaining a same transmission power and a same precoding, the UE should maintain a same RV across the repetitions of a PUSCH transmission over the time window in order to enable I/Q combining. An additional benefit is that a gNB can use both the data and the DM-RS for estimating and compensating the phase drift as the data is copied across repetitions and can also be used for estimating the phase drift. This is beneficial at low SINRs. For those reasons (to enable I/Q combining and CFO estimation/correction at the gNB), a UE uses same RV for repetitions over a time window of four subframes for CE Mode B in eMTC while DM-RS interpolation is not supported for CE Mode A as the SINR is relatively high (RV cycling is per repetition). It is noted that RV cycling does not provide material gains when the coding rate is low (there is a large number of parity bits) as it would be the case for repetitions and RV cycling can anyway apply over different time windows as it applies per windows of 4 subframes in eMTC. Therefore, at least for PUSCH repetitions Type A, a same RV should be maintained over a number of repetitions (window) in order to enable DM-RS interpolation.
Proposal 1: Support a same power, precoding, RV, and frequency position for a number of repetitions of a PUSCH transmission. 


Figure 1. Illustration of power control method over multiple PUSCH repetitions for joint channel estimation
During a time window where a UE transmits PUSCH repetitions with a same power, the UE skips application of TPC commands and does not update the CLPC adjustment state. The UE can accumulate TPC commands, update the CLPC adjustment state and apply a latest updated value to determine a power for repetitions of the PUSCH transmission when the window changes. The same can apply for a precoding the UE uses to transmit the PUSCH repetitions although that can be left to the UE implementation.
Proposal 2: A UE updates the CLPC adjustment state per number of repetitions corresponding to the DM-RS interpolation window. 
Another issue is the determination for the number of repetitions in a DM-RS interpolation window. In eMTC, that number is fixed to 4 subframes (4 msec). It would be beneficial to avoid having a hard-coded value for the number of repetitions in order to enable a network to have better control on the UE transmission power or enable frequency hopping. For example, the number of repetitions can be different when the total number is 4 than when it is 16 and inter-slot FH needs to be used for frequency diversity in both cases. One option is to associate the number of repetitions with the one corresponding to each frequency hop (i.e. the UE keeps the same power, precoding, and RV per frequency hop). Another option is to introduce RRC signaling to indicate the number of repetitions; however, such RRC signaling is not fundamentally necessary.
Proposal 3: The number of repetitions where a UE transmits using same power/precoding/RV/RBs is either the number of repetitions per frequency hop or is configured by higher layers. 
Back-to-back PUSCH transmission with same TB
In RAN1#104-e, back-to-back repetitions of a PUSCH transmission across consecutive slots were discussed for potential use cases of DM-RS interpolation for channel estimation. 
	Agreements:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)


NR supports Type A and Type B repetitions for a PUSCH transmission. For both PUSCH repetition Type A and Type B, DM-RS interpolation over a number of PUSCH repetitions can apply to improve channel estimation accuracy. Figure 2 presents the BLER with and without DM-RS interpolation for PUSCH repetition Type A and PUSCH repetition Type B. The simulation assumptions are as in TR 38.830 [3]. The simulations considered TDD configuration: DDDSUDDSUU (S: 2 symbol for UL, U: 14 symbol) and voice scenarios with 2 % rBLER. The CFO was assumed to have been compensated at the gNB receiver to a small value and was not considered in the link level simulations. The joint channel estimation using DM-RS interpolation for PUSCH repetition type A provides a gain of ~0.7 dB and the joint channel estimation for PUSCH repetition type B provides a gain of ~1.3 dB at 2% rBLER.
[image: ]   [image: ]
Figure 2. BLER with/without DM-RS interpolation for PUSCH repetition Type A (Left) and Type B (Right)
Observation 3: DM-RS interpolation in absence of CFO provides a gain of ~0.7 dB for PUSCH repetition type A and of ~1.3 dB for PUSCH repetition type B.
Proposal 4: Support DM-RS interpolation for both PUSCH repetition Type A and Type B. 
Figure 2 also shows the gain from using DM-RS interpolation in case of frequency hopping that can provide additional SINR gains due to additional diversity as a target BLER decreases. The frequency hopping offset was 40 RBs. DM-RS interpolation provides a gain of ~1.8 dB for PUSCH repetition Type A and a gain of ~2.5 dB for PUSCH repetition Type B at 2% rBLER.
For inter-slot frequency hopping with DM-RS interpolation, the resource mapping or hopping pattern should ensure that multiple PUSCH repetitions are located in the same frequency hop. Figure 3 shows potential options of inter-slot frequency hopping pattern to enable DM-RS interpolation. For Option 1 in Figure 3, the frequency hopping pattern can be determined by the set of multiple PUSCH repetitions within the time window. Option 1 is same as for LTE eMTC with a fixed number of 4 slots/subrframes per frequency hop. For Option 2 in Figure 3, the frequency hopping can occur after N/2 repetitions of a PUSCH transmission with N repetitions. Option 2 would outperform Option 1 as it provides the same gain from FH while enabling a larger number of repetitions to benefit from DM-RS interpolation, even if a sliding window with a smaller number of repetitions is used, because there are fewer “edge” repetitions. 
Proposal 5: A UE performs PUSCH frequency hopping per number of M>1 PUSCH repetitions. The number M can be predetermined, such as M=4 or M=N/2 where N is the number of repetitions, or be configured by RRC (a selection may also depend on the approach for the determination of the time window). 
In case of back-to-back PUSCH repetitions with different TBs, further discussion is required to determine whether such scenario is meaningful for operation with coverage enhancements.

 
Figure 3. Inter-slot frequency hopping pattern over multiple PUSCH repetitions for joint channel estimation
DM-RS interpolation for repetitions of a PUCCH transmission
Similar to PUSCH, DMRS interpolation across PUCCH repetitions requires to preserve phase continuity over the multiple PUCCH repetitions to be bundled. The benefit from DM-RS interpolation will mainly be for PUCCH format 3 or 4, even when additional DM-RS is included, as PUCCH format 1 includes a large number of DM-RS. Mechanisms discussed for PUSCH repetitions are also applicable to PUCCH repetitions. It is noted that I/Q combining is already possible for repetitions of a PUCCH transmission. We have the following proposal for PUCCH transmission.
Proposal 6: Support a same power, precoding and frequency position for a number of repetitions of a PUCCH transmission. 
Conclusion
This contribution discusses the details and techniques for joint channel estimation over multiple PUSCH transmission. The proposals and observations made in this contribution are summarized as below:
Observation 1: The time domain window is defined as the duration in which the power consistency and phase continuity are preserved for joint channel estimation. 
Proposal 1: Support a same power, precoding, RV, and frequency position for a number of repetitions of a PUSCH transmission. 
Proposal 2: A UE updates the CLPC adjustment state per number of repetitions corresponding to the DM-RS interpolation window.
Proposal 3: The number of repetitions where a UE transmits using same power/precoding/RV/RBs is either the number of repetitions per frequency hop or is configured by higher layers. 
Observation 3: DM-RS interpolation in absence of CFO provides a gain of ~0.7 dB for PUSCH repetition type A and of ~1.3 dB for PUSCH repetition type B.
Proposal 4: Support DM-RS interpolation for both PUSCH repetition Type A and Type B. 
Proposal 5: A UE performs PUSCH frequency hopping per number of M>1 PUSCH repetitions. The number M can be predetermined, such as M=4 or M=N/2 where N is the number of repetitions, or be configured by RRC (a selection may also depend on the approach for the determination of the time window). 
Proposal 6: Support a same power, precoding and frequency position for a number of repetitions of a PUCCH transmission. 
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