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1 Introduction
[bookmark: _Hlk22834419]This contribution discusses the Reply LS from RAN4[1] regarding DM-RS bundling in Rel-17 NR Coverage Enhancement.
 
2 Discussion
In [1] an LS Reply was received from RAN4 addressing the following topics for DM-RS bundling in Rel-17 NR Coverage Enhancement: 
1) Modulation order support 
2) CA/DC/SUL support 
3) UE UL Tx power adaptation 
4) Non-support for FR2-2
In the following we further discuss 2) and 3).


CA/DC/SUL support

On CA/DC/SUL support, the following was received from RAN4 [1]:
	
RAN4 would like to inform RAN1 and RAN2 that it has agreed to define requirements for the following additional radio configurations for Rel-17 DMRS bundling:
FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a “single” uplink band configured, meaning no switching to transmit SRS on another carrier.
RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· For carrier switching back and forth between UL carrier and SRS carrier, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
Considering FR1 inter-band UL CA with DMRS bundling with following conditions:
· UE shall only have ongoing transmissions on a single uplink carrier at the same time. If overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken.
· Only configuration of a single TAG is supported.
· If there is any carrier switching back and forth between two carriers and the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
· Can only one band can be configured with DMRS bundling at a time?



RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering SUL with DMRS bundling with following conditions:
· Can only one band can be configured with DMRS bundling at a time?
· If there is any carrier switching back and forth between SUL and NUL carriers and the switching happens within the bundling duration, then the phase continuity is not maintained by the UE.



Unfortunately, RAN4 has still not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. Previous RAN4 agreements on UE capability are not overturned.




Support of UL CA for DM-RS bundling was proposed during the Rel-17 Coverage Enhancement WI but it was not agreed. Further consideration of UL CA for DM-RS bundling has been given in the last few RAN1 meetings in UE features discussions which have not yet converged. 

Regarding UE capability signalling to support band configuration being per band, or per band combination, or per UE, this has been discussed in RAN1 UE features but not agreed.

Thus, we suggest RAN1 to decide whether to support UL CA for DM-RS bundling and, if needed, finalize corresponding signaling in UE features AI, and then inform RAN4. 

Proposal 1: RAN1 to decide whether to support UL CA for DM-RS bundling and, if needed, finalize corresponding signaling in UE features AI, and then inform RAN4.



UE UL Tx power adaptation 

On UE UL Tx power adaptation, the following was received from RAN4 [1]:
	
RAN4 acknowledged that the modification of Tx power may mean that phase continuity and power consistency is not able to be maintained by the UE, as seen in an earlier LS to RAN1 in R4-2103393. In RAN4 #103e meeting, RAN4 has also discussed whether text relating to UL Tx transmission power during transmission of a DMRS bundle in TS 38.101 needs further clarification. It has been raised during RAN4 discussions that in TS 38.214 v17.1.0 section 6.1.7 it states that “The UE shall maintain power consistency and phase continuity within an actual TDW…”.
RAN4 would therefore appreciate feedback from RAN1 on whether the text in TS 38.214 section 6.1.7 prevents the UE from modifying its Tx power when necessary, i.e. prevents the UE from following TS 38.213 clause 7.1.1 and 7.2.1, or prevents the UE from adapting P-MPR, during transmission of a DMRS bundle. We ask this because further alignment of understanding between RAN1 and RAN4 may be needed.




For a gNB to apply DM-RS bundling and jointly estimate the channel over a time domain window, a UE needs to transmit with same power and continuous phase over the time domain window. This is the UE requirement for DM-RS bundling. Thus, when DM-RS bundling is enabled, UE transmits with same power and continuous phase over the time domain window.

In TS 38.101, clause 6.4.2.5, it is captured the following text for requirements for DM-RS bundling. 
	The above requirements are applicable when all the following conditions are met within the measurement time window:
-	RB allocation in terms of length and frequency position does not change, and intra-slot and inter-slot frequency hopping is not activated.
-	Modulation order does not change.
-	No network commanded TA takes effect.
-	The TPMI precoder does not change.
-	There is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE.




We think the above text in TS 38.101 (along with the rest of clause 6.4.2.5) is clear and sufficient.


Regarding the RAN4 question on whether the text in TS 38.214 clause 6.1.7 prevents the UE from following TS 38.213 clauses 7.1.1 and 7.2.1., we observe the following.

In TS 38.214 clause 6.1.7, it is stated that “The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition…”  In TS 38.213 there is no description of DM-RS bundling. The above text in TS 38.214 clause 6.1.7 captures the UE behavior for DM-RS bundling, although “power consistency” may be changed to “same power” to be even clearer. 

For the UE to maintain same power during the time domain window, UE needs not to apply UL TPC procedures specified in TS 38.213 clause 7 to update the power of transmissions during the time window. Instead of adding text in TS 38.213 where DM-RS bundling is not even defined, it can be added in TS 38.214 that during the time domain window the UE transmits with same power and does not apply UL TPC procedures in TS 38.213 clause 7 to update the transmit power.

The following text can be added in TS 38.214, Sec. 6.1.7.
	[bookmark: _Toc106695680][6.1.7, TS 38.214]
…
[bookmark: _GoBack]The UE maintains same power and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the actual TDW, and does not apply UL TPC procedures described in clause 7 of TS 38.213 to update the transmit power after a first slot or a first repetition for PUSCH repetition type B within the actual TDW.



A proposal to agree to the above text in provided in a contribution in AI 8.8 [3]. A corresponding draft CR is also submitted in [4].

Proposal 2: Agree to clarify in TS 38.214 clause 6.1.7 that during a time domain window for DM-RS bundling the UE does not apply UL TPC procedure in TS 38.213 clause 7 to update the transmit power of PUSCH (or PUCCH) transmissions. 


3 Conclusion
This contribution discusses topics on DM-RS bundling that were addressed in the Reply LS from RAN4[1]. The proposals made in this contribution are summarized as below:

Proposal 1: RAN1 to decide whether to support UL CA for DM-RS bundling and, if needed, finalize corresponding signaling in UE features AI, and then inform RAN4.

Proposal 2: Agree to clarify in TS 38.214 clause 6.1.7 that during a time domain window for DM-RS bundling the UE does not apply UL TPC procedure in TS 38.213 clause 7 to update the transmit power of PUSCH (or PUCCH) transmissions. 
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