[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #115			R1- 2311631
Chicago, USA, November 13th – November 17th, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Remaining issues for PRACH coverage enhancements
[bookmark: Source]Agenda Item:	8.8.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, remaining issues for PRACH coverage enhancement are discussed.
2. Discussions
Non-overlapping RO groups for a given repetition number

It was agreed in RAN1#114 that it is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions. In the current specification text after RAN1#114bis, it was reflected as the highlighted part as below.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***



However, we think the current text is not fully aligned with the intention of the agreement. The original intention in our understanding is to preclude ROs in the previous RO group when determining starting RO of the subsequent RO group. With the current text “after the ROs for the previous RO group”, it reads like that the starting RO of the subsequent RO group should be after each RO of the pervious RO group. When RAN1 had a discussion on the case when TimeOffsetBetweenStartingRO is not configured, time and frequency domain ROs are not separated. When there are multiple FDMed ROs for the same SSB in the same time domain location. Other FDMed ROs than the RO with lowest frequency index are precluded for starting RO determination for subsequent RO groups. 
As in the following example, assuming “TimeOffsetBetweenStartingRO” is not configured, UE determines ROs {#0, #2, #8, #10} for the first RO group (i.e. RO group #0). According to the current text, RO#16 is the first valid RO after each of ROs {#0, #2, #8, #10}, i.e. the starting RO for the subsequent RO group would be determined as RO#16. As a consequence, RO#1 is skipped for starting RO determination. However, this is not the intention.
[image: ]
Fig 1: Example for determining starting RO for subsequent RO groups

To resolve this issue, two alternatives can be considered.
Alt 1: Modify the “after the ROs determined for the previous  preamble repetitions” into “precluding the ROs determined for the previous  preamble repetitions”.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after precluding the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***



Alt 2: Separately determine RO groups for each frequency index, similar to the case when TimeOffsetBetweenStartingRO is configured. 
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***



In our understanding, Alt 2 can lead to more aligned descriptions for both cases when time offset is configured and not configured. In RAN1#114bis, it seems some companies have concern on Alt 2 direction, since they have concern to not capture time and frequency domain ordering in the specification. Actually, we don’t think there is much necessity to explicitly capture the ordering rule in the specification text. The original intention of introducing RO ordering rule is for the case when time and frequency domain multiplexed ROs are put together for RO group determination. If RO group determination for each frequency resource index is separately performed, the result is same and the text can be much clearer.
However, we think to resolve this issue is the most important thing. If many companies really have concern on Alt 2, we are fine to have Alt 1 modification. 


Proposal 1: For the case when “TimeOffsetBetweenStartingRO” is not configured, two alternatives can be considered.
Alt 1: Modify the “after the ROs determined for the previous  preamble repetitions” into “precluding the ROs determined for the previous  preamble repetitions”.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after precluding the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***




Alt 2: Separately determine RO groups for each frequency index, similar to the case when TimeOffsetBetweenStartingRO is configured. 
 
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***



3. Conclusion
In this contribution, we discussed remaining issue for PRACH coverage enhancements. We have following proposal:
Proposal 1: For the case when “TimeOffsetBetweenStartingRO” is not configured, two alternatives can be considered.
Alt 1: Modify the “after the ROs determined for the previous  preamble repetitions” into “precluding the ROs determined for the previous  preamble repetitions”.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after precluding the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***



Alt 2: Separately determine RO groups for each frequency index, similar to the case when TimeOffsetBetweenStartingRO is configured. 
 
	8.1 Random access preamble
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions
*** Unchanged parts are omitted ***
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