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1. Introduction
At RAN1#104-e meeting, the following agreements were made regarding joint channel estimation for PUSCH on “NR coverage enhancements” [1].

	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)
Agreements:
· For joint channel estimation, define 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 or specified.
· 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.



In this contribution, we discuss joint channel estimation for PUSCH in coverage enhancements.

2. Discussion on joint channel estimation for PUSCH
Fig. 1 shows the link level simulation results of PUSCH with changing the number of slots applied to joint channel estimation. In Fig.1, applying joint channel estimation over 2 slots and 4 slots brings a gain of 0.72 dB and 1.02 dB, respectively.

Observation 1: Applying joint channel estimation over 2 slots and 4 slots brings a gain of 0.72 dB and 1.02 dB, respectively. 


Figure 1. Link level simulation results of PUSCH in FR1 eMBB urban scenario with changing the number of slots applied to joint channel estimation. The number of repetitions is 4 for all plots (redundancy versions = {0,2,3,1}).


· Time domain window for joint channel estimation
RAN4 has discussed the phase continuity and concluded the cases where the continuity is lost in repetitions [2]. According to RAN4 LS, the following conditions need to be met to maintain phase continuity for back-to-back transmissions with zero gap in-between adjacent transmissions.
· 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, i.e., no change on the power control parameters specified in TS 38.213, and when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs

For non-back-to-back transmissions with non-zero gap in-between adjacent transmissions, an additional condition below needs to be met.

· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case. 

RAN4 also asked RAN1 to consider the answers towards the phase change study. 
Question 4: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus on in their study?

In our view, it is better to make sure the amount of tolerable phase change in one scenario by one scenario. Hence, the first scenario should be back-to-back transmissions with zero gap in-between adjacent transmissions over multiple slots, which has been agreed to be supported at RAN1#104-e meeting. If other scenarios are decided to be supported at RAN1#104bis-e meeting, the amount of tolerable phase change in those scenarios could be asked RAN 4 as well.

Proposal 1: Ask RAN4 to analyse the amount of tolerable phase change between repetitions in back-to-back transmissions with zero gap in-between adjacent transmissions over multiple slots. 

The concept of time windows was introduced at RAN1#104-e meeting. During the time window, a UE transmits DMRS with maintaining phase and power continuity so that a gNB can apply joint channel estimation over slots. If DMRS transmissions for joint channel estimation over long time require the processing load, the time window should be specified per UE to reduce the complexity of UEs. 

Proposal 2: A time domain window should be specified per UE, if DMRS transmissions for joint channel estimation over long time require the processing load.

There are two options to specify the time window per UE.
· Opt1: A time domain window is determined based on the specification, according to the UE capability.
· Opt2: A time window is configured, according to the UE capability and channel quality.
· 
Opt1 might require UE to maintain phase and power continuity even on DMRS over which a gNB does not apply joint channel estimation. It turns out to be useless processing loads of UEs. Opt2 can reduce the useless processing loads in exchange of the additional signalling overhead.

· Enhanced frequency hopping pattern
As a technique acquiring the gain of both joint channel estimation and frequency hopping, inter-slot frequency hopping with inter-slot bundling was discussed at RAN1#104-e meeting. Figure 2 shows an example of enhanced frequency hopping pattern, where a frequency of PUSCH resources hops per several slots instead of every slot. With this frequency hopping pattern, DMRS between each bundling can be applied to joint channel estimation, while achieving frequency diversity by the frequency hopping.
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Figure 2. Inter-slot frequency hopping with inter-slot bundling where the duration per hop is 2 slots.

Fig. 3 shows the simulation results capturing the gain of inter-slot frequency hopping with inter-slot bundling. As can be seen from the figure, inter-slot frequency hopping every other slot and 4 slots have a gain of 0.56 dB and 1.15 dB, respectively, compared to the conventional inter-slot frequency hopping. For this reason, the inter-slot frequency hopping with inter-slot bundling should be supported when applying joint channel estimation. 

Proposal 3: Support inter-slot frequency hopping with inter-slot bundling when applying joint channel estimation. 


Figure 3. Link level simulation results capturing the gain of inter-slot frequency hopping with inter-slot bundling, where a gNB applies joint channel estimation over 3 slots in FR1 eMBB Urban. The number of repetitions is 8 (redundancy versions = {0,2,3,1,0,2,3,1}).

The next discussion point is duration per hop in enhanced frequency hopping. As can be seen from Fig,3, the longer duration per hop introduces higher gain. Based on this observation, the duration per hop should be as long as possible under maintaining the phase continuity. Therefore, the duration per frequency hop should be equal to a time domain window for joint channel estimation. If a time domain window is not specified, duration per hop should be decided in following ways.
· Opt1: Indicated by RRC signaling, MAC CE or DCI.
· Opt2: Based on the specification (e.g., duration per hop is a half of total number of repetitions)

Proposal 4: The duration per frequency hop should be equal to a time domain window for joint channel estimation. If a time domain window is not specified, duration per hop should be decided based on the specification or indicated by signalling.


· Joint channel estimation with repetition type B
For back-to-back PUSCH transmissions across consecutive slots, whether to support joint channel estimation between PUSCH transmissions assigned with repetition type B was discussed at RAN1#104-e meeting. PUSCH repetition type B was originally introduced for low latency communications. However, this technique also provides flexibility in resource assignments. Especially, PUSCH repetition type B works well with a small number of uplink symbols in a special slot as shown in Fig.4, because each PUSCH transmission occasion can be placed at different OFDM symbols over slots. Therefore, joint channel estimation for back-to-back PUSCH transmissions assigned with repetition type B should be supported.

Proposal 5: Support joint channel estimation of PUSCH repetition type B as well for back-to-back PUSCH transmission across consecutive slots of the same TB.
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Figure 4. An example of joint channel estimation for PUSCH with DMRS in a special slot.

3. Conclusion
In this contribution, we discussed joint channel estimation for PUSCH in coverage enhancements. Based on the discussion we made following proposals and observations.

Proposal 1: Ask RAN4 the amount of tolerable phase change between repetitions in back-to-back transmissions with zero gap in-between adjacent transmissions over multiple slots. 

Proposal 2: A time domain window should be specified per UE, if DMRS transmissions for joint channel estimation over long time require the processing load.

Proposal 3: Support inter-slot frequency hopping with inter-slot bundling when applying joint channel estimation. 

Proposal 4: The duration per hop should be a time domain window. If a time domain window is not specified, duration per hop should be decided based on the specification or indicated by signalling.

Proposal 5: Support joint channel estimation of PUSCH repetition type B as well for back-to-back PUSCH transmission across consecutive slots of the same TB.

Observation 1: Applying joint channel estimation over 2 slots and 4 slots brings a gain of 0.72 dB and 1.02 dB, respectively. 
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