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[bookmark: _Ref54129494]Introduction
At RAN1#110bis-e [1], the following agreement was made:
Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.

The following relevant agreements about transmission waveform switching were further made at RAN1#111[2] in the work item [3] for Rel18 further NR coverage enhancements: 
	Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed
Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI

Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded



In this contribution, we analyse and discuss application of the working assumption from RAN1#111 to CG PUSCH.
Further, from the feature lead summary from RAN1#111, support for applying dynamic waveform switching to Msg 3 PUSCH was evenly split between participating companies and the, the feature lead concluded that [4]:
		‘Moderator thinks that this issue is lower priority compared to the dynamic indication solution and suggests revisiting this topic later’.
Given that the same number of companies (7) support as do not support at least a study on applying dynamic waveform switching to Msg 3 PUSCH at RAN1#111, we further analyse and make the case for application of dynamic waveform switching to Msg 3 PUSCH.

[bookmark: _Hlk63428477]Dynamic Waveform Switching Enhancement for DG PUSCH
In RAN#111, a working assumption [2] was made as follows:
Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI

We agree to this WA and wish that it should be approved and turned into an agreement. Some companies argued at RAN1#111 that signaling of dynamic waveform via DCI can be achieved either by repurposing or adding a waveform column options to existing tables such as TDRA or MCS tables.
A major disadvantage of this approach is that the options currently available in the tables for in coverage UEs would be significantly reduced.
Observation 1: Repurposing existing DCI fields to signal waveform switching will significantly reduce options for in coverage UEs.
The WA suggests adding a new bit field to the PUSCH scheduling DCI to signal the PUSCH waveform type. 
Observation 2: Adding an extra field to the DCI scheduling the PUSCH to signal the waveform to be used for the next PUSCH is the most flexible approach.
Proposal 1: RAN1 should confirm the working assumption on adding a new bit field in the UL scheduling DCI to signal the dynamic scheduled PUSCH waveform

Dynamic Waveform Switching Enhancement for CG PUSCH
Semi-static configuration of the UL waveform for configured grant in Rel17 is achieved via the transformPrecoding field of RRC ConfiguredGrantConfig IE. Semi-static configuration via RRC means that the UE is configured to use for example, DFT-S-OFDM for CG-PUSCH until further notice. The network could do this semi-static configuration when it decides that the UE is either in an UL coverage limited situation or out of UL coverage. Then based on this configuration, all Type 1 or Type 2 CG-PUSCH will be transmitted with a waveform commensurate with the setting for the transformPrecoding field of RRC ConfiguredGrantConfig IE. For even more dynamic waveform switching for CG-PUSCH, the solutions may be different for Type 1 and Type 2 CG. As Type 1 CG does not involve an activation DCI, it would require an elaborate mechanism to achieve more dynamic waveform switching.
Proposal 2: RAN1 should deprioritize fast dynamic waveform switching for Type 1 CG-PUSCH.
Since Type 2 CG involves an activation DCI, more dynamic waveform switching can be achieved by explicit signaling in the activation DCI, i.e. using a new 1-bit field in the activation DCI.

Proposal 3: RAN1 should adopt dynamic waveform switching for Type 2 CG-PUSCH signaling via the activation DCI using the same solution as in DG PUSCH.

Dynamic Waveform Switching Enhancement for Msg3
During the discussion at RAN1#111, 7 companies felt that there were some benefits in considering waveform switching for Msg3 of the RACH procedure. Of the 7 companies that were not supportive, some thought the benefits could be miniscule given that Msg3 can already have retransmission for coverage challenged UEs. Other non-supportive companies felt that the specification impact could be substantial.
We surmise that Msg3 transmission will likely require coverage enhancement in any circumstances where Msg1 (PRACH) needs coverage enhancement. Given the Rel18 ongoing work on further coverage enhancement for PRACH, we therefore think that Msg3 can also do with coverage enhancement. Some companies argue that Msg3 transmission already has mechanisms such as: (a) configuration of DFT-S-OFDM (via msg3-transformPrecoding field of RACH-ConfigCommon IE in SIB1), (b) choice of a robust MCS in the RAR, (c) choice of transmit power (via PUSCH-ConfigCommon.msg3-DeltaPreamble and/or TPC for Msg3 PUSCH in the RAR for example), and (d) Msg3 retransmission as needed. All these have some drawbacks that militate towards also adopting dynamic waveform switching when necessary for Msg3.
Msg3 waveform configuration via the msg3-transformPrecoding field of the SIB1 RACH-ConfigCommon IE is obviously not suitable for dynamic waveform switching as it is broadcast to all UEs in the cell. Whilst very robust MCS can be configured for Msg3 in the RAR, MCS choice will only have a limited impact on coverage enhancement. The TPC of Msg3 is limited by the maximum transmit power of the UE which is typically why coverage enhancement is needed anyway. If all fails, Msg3 can always be retransmitted until the gNB receives it. But this entails latency that could lengthen RACH process time. In any case, switching to DFT-S-OFDM in combination with some of these measures will help improve coverage. 
Observation 4: Combining waveform switching with existing measures that enhance Msg3 coverage can have significant impact. 
Some non-supportive companies felt that the specification impact of dynamic waveform switching for Msg3 could be substantial. However, there are some potential solutions with low specification impact that RAN1 can consider.
For any UE in RRC-CONNECTED or RRC-INACTIVE mode that the network already knows is desiring enhanced UL coverage, the SIB1 transformPrecoding field can be overridden. Such an override could tell the UE to use DFT-S-OFDM for Msg3 when next it has to RACH. Various ways in which this can be done can be discussed.
Proposal 4: RAN1 should consider the following options for waveform configuration of Msg3 for RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: MAC CE 
· Option 2: Signaling in the PDCCH order to RACH

For any UE in RRC-IDLE mode that needs to engage RACH coverage enhancement measures in order to reach the gNB, the network can surmise that enhanced coverage would also be needed for Msg3. Based on the network’s determination that the UE requires enhanced coverage extension for Msg3, the network can signal for such a UE to use DFT-S-OFDM for Msg3 transmission in the RAR. Various ways in which this can be done can be discussed. Figure 1 shows the MAC RAR – section 6.2.3 of TS 38.321.
[image: ]
Figure 1: Structure of MAC Random Access Response

Dynamic waveform switching can be signaled using any of the reserved (R) bits of the RAR. As well as the first bit of the RAR which is currently reserved, there is also a ‘CSI request’ bit within the UL Grant field of the RAR see Figure (2):
[image: ]
Figure 2: UL grant field of RAR showing ‘CSI Request’ field

This bit is normally used to request an aperiodic CSI report in response to a CFRA PRACH. During RRC- IDLE mode CBRA, this bit is normally considered reserved and therefore can be available for use in signaling dynamic waveform switching for Msg3. The specification impact of either of these approaches is not so significant.
Proposal 5: RAN1 should consider using either of the reserved bits in RAR for signaling dynamic waveform switching for Msg3 for RRC-IDLE mode UEs.

Conclusions
We have discussed dynamic waveform switching for both dynamic and configured grant PUSCH and Msg3. We make the following proposals based on some relevant observations.
Observation 1: Repurposing existing DCI fields to signal waveform switching will significantly reduce options for in coverage UEs.
Observation 2: Adding an extra field to the DCI scheduling the PUSCH to signal the waveform to be used for the next PUSCH is the most flexible approach.
Proposal 1: RAN1 should confirm the working assumption on adding a new bit field in the UL scheduling DCI to signal the dynamic scheduled PUSCH waveform

Proposal 2: RAN1 should deprioritize fast dynamic waveform switching for Type 1 CG-PUSCH.

Proposal 3: RAN1 should adopt dynamic waveform switching for Type 2 CG-PUSCH signaling via the activation DCI using the same solution as in DG PUSCH.

Observation 4: Combining waveform switching with existing measures that enhance Msg3 coverage can have significant impact. 

Proposal 4: RAN1 should consider the following options for waveform configuration of Msg3 for RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: MAC CE 
· Option 2: Signaling in the PDCCH order to RACH

Proposal 5: RAN1 should consider using either of the reserved bits in RAR for signaling dynamic waveform switching for Msg3 for RRC- IDLE mode UEs.
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