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Introduction 
In this paper, we discuss two issues related to coverage enhancements:
· Fallback between legacy RACH and coverage enhanced RACH (CE-RACH)
· Impact of joint channel estimation on DRX timers.
Discussion
Fallback to CE-RACH
There can be two causes for a failed RACH procedure: 1. There are too much contention for access; 2. degrading link quality during RACH (e.g. due to mobility or increased interference). For the first cause, since UE reselects preamble before each retransmission and apply randomized backoff (if signalled by network), contention likely will go away or alleviated after a few retransmissions. Otherwise, i.e. RACH failure persists, then it is likely because UE has a poor/degrading link. 
Repetition for Msg3 PUSCH can help increase UE’s link budget and improve the chance of success, if UE has a poor/degrading link. Therefore, if UE experiences persistent Msg3 failure, it makes sense to allow UE to request Msg3 repetition (e.g. fallback from legacy 4-step CBRA to CE-RACH), instead of keeping trying the same thing until it triggers radio link failure.
More specifically, suppose UE selects legacy 4-step CBRA at the start of a RACH procedure, e.g. due to strong RSRP measurements on SSBs. However, in the subsequent steps, it consistently fails in getting Msg4. In that case, if UE determines that its latest RSRP measurements on SSB meet the threshold requirement of Msg3 repetition, then it should be allowed to switch to CE-RACH for the subsequent retransmissions. That would help improve its chance of successful completion of the RACH procedure. 
To avoid false fallback, e.g. Msg3 failures are due to contention instead of poor coverage, this switch should not be allowed unless the failures are persistent. A simple criterion for determining this persistent failure can be the number of failed Msg3 reaches a configured maximum. 
Proposal 1. 	From CE’s perspective, UE can switch to coverage-enhanced RACH after failing a configured number of Msg3 transmissions using legacy CBRA, if it meets the latter’s RSRP requirement.
After UE switches to the next RACH partition, it can be FFS whether UE continues the previous RACH procedure (i.e. limited to the remaining number of preamble transmissions) or start a fresh new RACH procedure (i.e. number of Msg1 transmissions is up to the preambleTransMax).
Proposal 2.	After UE fallbacks to coverage-enhanced RACH, FFS whether UE is limited to the remaining number of Msg1 retransmissions or start a fresh new RACH.
It is possible that UE initiates a RACH procedure within a BWP which does not contain any CE-RACH resources. But CE-RACH resources are configured in other BWPs. Then a question is whether in this case UE can switch its BWP to fallback to CE-RACH. In our view, the same principle for fallback from CFRA to CBRA can be applied. In legacy, CBRA resources are always configured where CFRA is configured, so that no BWP switching is needed when UE needs to fallback from CFRA to CBRA. Similarly, if UE’s current BWP does not contain resources for CE-RACH, then UE does not fallback from legacy CBRA to CE-RACH.
Proposal 3.	From CE’s perspective, if UE’s current BWP does not contain resources for CE-RACH, then UE is not allowed to fallback from legacy CBRA to CE-RACH configured in another BWP.
If UE selects CE-RACH at the start of the RACH procedure, then we do not think it is necessary for UE to switch out of it between retransmissions, even if RSRP measurements of SSBs improve. This helps UE complete its RACH sooner and also keep RACH procedure simple.
Proposal 4.	If UE starts a RACH procedure with Msg3 repetition, then no fallback to other type of RACH is allowed.
If legacy, it is possible for UE to fallback from CFRA to CBRA, or from 2-step to 4-step. Now with CE-RACH available in R17, UEs may have an extra option when those fallbacks are performed, i.e. whether to fallback to legacy CBRA or CE-RACH. In our view, if CE-RACH is configured in the same BWP as CFRA or 2-step RACH and UE meets the RSRP requirement for CE-RACH, we do not see arguments why UE is not allowed to use CE-RACH fallback. It certainly will improve probability of success for the RACH procedure. 
Proposal 5.	From CE’s perspective, when UE has to fallback from CFRA or 2-step RACH, it is allowed to use CE-RACH configured in the same BWP if it meets the RSRP requirement of that CE-RACH.
Joint channel estimation
In RAN1#106-e, RAN1 made the following agreements related joint channel estimation:
	· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.


From this agreement, we can observe that 
Observation 1. Joint channel estimation (JCE) for PUSCH Tx, together with time domain window (TDW), is configured by RRC. 
Observation 2. Network may configure multiple TDWs for a PUSCH repetition.
Observation 3. Within a TDW, UE needs to maintain consistent Tx power level and phase continuity within TDWs of a PUSCH transmissions enabled with JCE. 
To maintain consistent Tx power level and phase continuity, UE cannot switch between UL transmission and DL reception during a TDW in a TDD system. This hence requires a different UE behavior in handling DRX timers from legacy. 
In legacy, UE starts DRX RTT timer right after the first transmission in a bundle. After the DRX RTT timer expires, UE starts DRX reTx timer. As long as the reTx timer is running, UE continuously monitors PDCCH for possible reTx request from gNB, while the repetition is ongoing. 
If JCE is configured and UE can’t switch between DL reception and UL Tx during a TDW, then UE can’t start DRX RTT timer until the end of a TDW. And when a TDW starts, DRX RTT timer or DRX reTx timer has to be stopped if running. We therefore propose the following:
Proposal 6. 	When UE in a TDD system is configured with JCE and TDW(s), UE applies the following behaviors for DRX RTT timer and DRX reTx timer:
· UE starts DRX RTT timer only when a time domain window ends;
· UE starts DRX reTx timer upon expiry of DRX RTT timer, only if no TDW is active;
· UE stops DRX RTT timer or DRX reTx time, if running, when a TDW starts.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Fallback
Proposal 1. 	From CE’s perspective, UE can switch to coverage-enhanced RACH after failing a configured number of Msg3 transmissions using legacy CBRA, if it meets the latter’s RSRP requirement.
Proposal 2.	After UE fallbacks to coverage-enhanced RACH, FFS whether UE is limited to the remaining number of Msg1 retransmissions or start a fresh new RACH.
Proposal 3.	From UE’s perspective, if UE’s active BWP does not contain resources for CE-RACH, then UE is not allowed to fallback from legacy CBRA to CE-RACH configured in another BWP.
Proposal 4.	If UE starts a RACH procedure with Msg3 repetition, then no fallback to other type of RACH is allowed.
Proposal 5.	UE can fallback from CFRA or 2-step RACH to CE-RACH, if CE-RACH is configured in the same BWP and UE meets the RSRP requirement of CE-RACH.

Joint channel estimation
Observation 1. Joint channel estimation (JCE) for PUSCH Tx, together with time domain window (TDW), is configured by RRC. 
Observation 2. Network may configure multiple TDWs for a PUSCH repetition.
Observation 3. Within a TDW, UE needs to maintain consistent Tx power level and phase continuity within TDWs of a PUSCH transmissions enabled with JCE. 
Proposal 6. 	When UE in a TDD system is configured with JCE and TDW(s), UE applies the following behaviors for DRX RTT timer and DRX reTx timer:
· UE starts DRX RTT timer only when a time domain window ends;
· UE starts DRX reTx timer upon expiry of DRX RTT timer, only if no TDW is active;
· UE stops DRX RTT timer or DRX reTx time, if running, when a TDW starts.
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