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1.	Introduction
Ran4 agreed to send an LS [2] and approved WF [1] on the topic of DMRS bundling in repetitions. The LS and WF stated open item as follows:
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  

WF also stated an open item on what the amount of phase change when it still can be considered as contiguous. 
In this paper we discuss the two open items and make proposals for closing the open items. 
2. 	Discussion
2.1	Unscheduled symbols in between repetitions
If the gap between transmission in between repetitions is short, UE can leave the transmitter in to ON state and only ramp down the signal chain. The signal chain in the same state as it was previously will have equal amount of group delay/ phase change so the phase will be the same. UE needs to keep the frequency generation on so there is unwanted batter drain associated with this state. 
Proposal 1: The gap when there is no other channel band in between two repetition can be up to 14 symbols. 
2.2	Tx on other channels in between repetitions
The case when two consecutive repetitions have same frequency content (same RB allocations) but there is an other channel in between with different frequency content needs more discussions. Figure 1 defines the case for the ease of discussion.

Figure 1. Case of other channels in between two repetitions
If UE needs to retune and then cam back to the same phase what it had in the previous transmission, UE needs to reset the retuned LO back to the original phase and needs some time to do this and therefore needs a guard period for this. We can denote the time of the guard with Y. 
Proposal 2: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS. 
LS stated that the phase continuity is broken if modulation order changes. In case the channel in between the repetitions is PUCCH and repetitions are PUSCH, it would mean that both PUSCH and PUCCH are of the same modulation order. However, the LS also has the text highlighted in green in the introduction, so this maybe be mildly conflicting but worth the consideration what is the case exactly. 
The length of the other channel also needs a discussion. If the other transmission is very long, the information about the earlier repetiion phase may be lost. We proposet that
Proposal 3: The length including the guard period of the other channel in between two repetitions is less than 14 symbols.  
2.2	Amount of phase change 
The amount of phase change when phase is still considered contiguous is not defined and WF says the following
· Amount of Phase continuity tolerance across repetition when all phase continuity conditions agreed by RAN4 is met, following aspects can be considered:
· Phase drifting from UE implementation aspect:  e.g. frequency error
· Study the impact on link level performance of joint channel estimation caused by phase change across repetition
· Other aspects are not precluded
Since RAN4 could not agree to look in to requirement from receiver point of view due to concerns from some companies (see strike through part), we can define phase continuity based on UE implementation point of view. This is slightly strange situation since the intent is to enable phase continuity in the receiver or the repeated transmissions but if RAN4 can not look in to what are the receivers abilities to do the joint channel estimation, issue revert back to UE capabilities.
For UE, re-tuning or shutting down the LO generation circuitry and waking it up again means the LO can be offset by the 180 degrees divided by the VCO/LO ratio. So for example if VCO fundamental frequency is 4 GHz for a band with LO on 2 GHz, the phase can lock in any of the possible 90, 180, 270 degrees phase shifts after re-tuning. It is a fair assumption that at least 2:1 ratio is used in any band. Having any more accurate requirement requires an additional implementation and/or added power consumption and it is pointless to implement based on vague statement of “phase is contiguous”.
Repetitions are assumed to be for coverage enhancement and lowest MCS is assumed to be use and in this case. Pi/2 BPSK modulation can be decoded as long as the samples are on the right half of the constellation. However, since UE EVM is finite and can be assumed to be on top of this phase continuity requirement. The EVM requirement for the BPSK is 30 % and making the unfair assumption that all of that is phase error, 20 degrees is caused by the UE EVM and that leaves 160 degrees for the phase continuity. 
Proposal 4: The amount of phase change allowed for the UE when phase between two repetitions is considered to be contiguous shall be less than 160 degrees.
Alternatively we can relax the EVM requirement for repetitions and tighten the phase continuity requirement. The detailed test for this requirements is FFS and would need feedback what kind of phase shift is relevant, information such is can the phase shift during the repetition and is the phase compared to the previous repetitions DMRS or last PUSCH/PUCCH symbol. 
The number may seem excessive but from UE design point of view without know what matters to the receiver, this is what is desirable with the current knowledge. RAN4 can further discuss further tightening of the value but so far there is no knowledge why that would be needed. 
2.3	Further considerations
Some features such as UL MIMO and TX switching may complicate the requirements and analysis further since re-tuning of one of the branches may cause phase changes. If the feature is applicable for MIMO, TX switching, CA should be discussed separately after baseline is consensus is achieved for one TX cases. 
Conclusion
We discussed the two cases left open in the LS: Case of un scheduled symbols between repetitions and the case of other UL channels between repetitions and made three proposals.
Proposal 1: The gap when there is no other channel band in between two repetition can be up to 14 symbols. 
Proposal 2: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS. 
Proposal 3: The length including the guard period of the other channel in between two repetitions is less than 14 symbols.  
We also discussed about the amount of phase shift when phase can be contiguous and since receiver evalautionm was excluded in the work, we made one proposal:
Proposal 4: The amount of phase change allowed for the UE when phase between two repetitions is considered to be contiguous shall be less than 160 degrees
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