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1. Introduction
At RAN1#104-e and RAN1#104bis-e meeting, the following agreements were made regarding joint channel estimation for PUSCH on “NR coverage enhancements” [1][2].

	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 for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over back-to-back PUSCH transmissions with different TBs
Agreements:
· For the time domain window for joint channel estimation, down select on the following two options:
· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling the time domain window
· FFS the units the time domain windown (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance
Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size



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
It was agreed to support time domain windows at RAN1#104bis-e meeting. During the time window, a UE transmits DMRS with maintaining phase, frequency, and power continuity so that a gNB can apply joint channel estimation over the time window. As a time domain window is longer, the interval to update power and calibrate frequency offsets gets also larger, which might deteriorate coverage performance. Hence, A time domain window should not be longer than necessary duration for joint channel estimation. 

Observation 2: A time domain window should not be longer than necessary to update power and frequency offsets frequently enough.

The unit of time domain windows should be defined in terms of Observation 2. Fig. 2 shows one example where a PUSCH resource conveying TB X with type B PUSCH repetition and another PUSCH resource conveying TB Y. When joint channel estimation is applied only for the PUSCH resource conveying TB X, the time domain window should not cover the PUSCH resource conveying TB Y because UE might be able to improve performance by updating power or calibrating frequency offset between PUSCH conveying TB X and one conveying TB Y. To achieve that, the unit of time domain window for type B repetition should be based on repetition rather than slot. On the other hand, when joint channel estimation between different TBs are supported, repetition cannot be the unit of time domain window. For these reasons, the unit of time domain window should be defined separately for use cases, e.g. repetition for single TB and slot for multiple TBs, of joint channel estimation.

Proposal 1: For time domain windows, the unit of time domain window should be defined separately for use cases, e.g. repetition for single TB and slot for multiple TBs, of joint channel estimation.
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Figure 2. An appropriate time domain window size for repetition type B.


· Design for joint channel estimation
At the RAN1#104bis-e, it was agreed to support necessary designs for joint channel estimation over back-to-back PUSCH transmissions across consecutive slots. For supporting joint channel estimation of PUSCH, a gNB needs to properly indicate time domain windows to UE. 

As mentioned in Observation 2, a time domain window should be decided based on allocated PUSCH resources to avoid unnecessary longer time duration of the time domain windows. Considering this aspect, it is reasonable to determine a starting position and size of time domain windows based on allocated PUSCH resources.

Proposal 2: Determine a starting position and size of time domain windows based on allocated PUSCH resources.

With this approach, the time domain window can start and re-start at the first symbol of the repetition and ends at the last symbol of the repetition without unnecessary longer range of time domain windows, because the time domain window is specific to scheduled PUSCH transmissions. Fig. 3 shows the example of time domain window determination based on the PUSCH resources when the time domain window size is two repetitions. The time domain window starts at the first symbol of repetition#1 and lasts until passing through two repetitions. The next time domain window starts at the first symbol after the first time domain window ends. Since the starting point of time domain window can be determined implicitly based on the PUSCH resources, the only information a UE needs to know is the time domain window size.
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Figure 3. An example of time domain windows for 4 PUSCH repetitions when the time domain window size is equal to 2 repetitions.

For configured grant type 1 PUSCH transmissions, a time domain window size can be configured in RRC. On the other hand, there are three options to support this time domain window size determination for PUSCH transmissions dynamically scheduled by an UL grant in DCI.
· Opt1: A time domain window size is configured in RRC.
· Opt2: A time domain window size is indicated by MAC CE.
· Opt3: A time domain window size is indicated by DCI.
Opt3 makes it possible to dynamically determine time domain windows according to the channel quality. For this reason, Opt3 should be supported for PUSCH transmissions dynamically scheduled by an UL grant in DCI.

Proposal 3: Indicate the time domain window size by DCI for PUSCH transmissions dynamically scheduled by an UL grant in DCI, and by RRC signaling for configured grant type 1 PUSCH transmissions.


· Inter-slot frequency hopping with inter-slot bundling
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#104bis-e meeting. Figure 4 shows an example of enhanced frequency hopping pattern, where a frequency of PUSCH resources hops per two 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. For coverage enhancement, the duration per hop should be designed to maximize frequency diversity gain and joint channel estimation gain.
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Figure 4. Inter-slot frequency hopping with inter-slot bundling where the duration per hop is 2 slots.

Fig.5 shows the link level simulation results of PUSCH with different durations per hop under no joint channel estimation. The performance gap between each plot comes from only frequency diversity gain by inter-slots frequency hopping. As shown in Fig.5, frequency hopping provides the gain of 0.25 dB with all durations per hop. It implies that the frequency diversity gain is almost the same regardless of duration per hop, as long as frequency hops once in PUSCH repetitions.

Observation 3: Frequency diversity gain is almost the same regardless of durations per hop, as long as frequency hops once in PUSCH repetitions. 


Figure 5. Link level simulation results of PUSCH in FR1 eMBB urban scenario with different duration per hop without joint channel estimation. The number of repetitions is 8 for all plots (redundancy versions = {0,2,3,1,0,2,3,1}).

Fig. 6 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. Furthermore, the longer duration per hop introduces a larger joint channel estimation gain. Therefore, the largest gain can be reached when the duration per hop is equal to the time domain window size, since joint channel estimation cannot be applied outside the time domain windows.

Observation 4: A longer duration per hop introduces a higher joint channel estimation gain. The largest gain can be reached when the duration per hop is equal to the time domain window size.


Figure 6. Link level simulation results capturing the gain of inter-slot frequency hopping with inter-slot bundling, where a gNB applies joint channel estimation up to 3 slots in FR1 eMBB Urban. The number of repetitions is 8 (redundancy versions = {0,2,3,1,0,2,3,1}).

Based on these observations, the duration per hop should be equal to or longer than the time domain window size, to maximize the total gain of joint channel estimation and frequency hopping. 

Observation 5: The duration per frequency hop should be equal to or longer than a time domain window for joint channel estimation, considering the total gain of frequency diversity and joint channel estimation.

However, there is no motivation to have longer duration per hop than a time domain window due to no additional gain of joint channel estimation. Therefore, the duration per hop should be equal to the time domain window size for joint channel estimation.

Proposal 4: The duration per frequency hop should be implicitly determined by the time domain window, where the duration per frequency hop is equal to a time domain window size for joint channel estimation.


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: For time domain windows, the unit of time domain window should be defined separately for use cases, e.g. repetition for single TB or slot for multiple TBs, of joint channel estimation.

Proposal 2: Determine a starting point and size of time domain windows based on allocated PUSCH resources.

Proposal 3: Indicate the time domain window size by DCI for PUSCH transmissions dynamically scheduled by an UL grant in DCI and by RRC signalings for configured grant type 1 PUSCH transmissions.

Proposal 4: The duration per frequency hop should be implicitly determined by the time domain window, where the duration per frequency hop is equal to a time domain window size for joint channel estimation.

Observation 1: A time domain window should not be longer than necessary to update power and frequency offsets frequently enough.

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

Observation 3: Frequency diversity gain is almost the same regardless of durations per hop, as long as frequency hops in PUSCH repetitions. 

Observation 4: A longer duration per hop introduces a higher joint channel estimation gain. The largest gain can be achieved when the duration per hop is equal to the time domain window size.

Observation 5: The duration per frequency hop should be equal to or longer than a time domain window for joint channel estimation, considering the total gain of frequency diversity and joint channel estimation.
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