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1. Introduction
In this contribution, remaining issues for PRACH coverage enhancement are discussed.
2. Discussions
Clarification for same Tx beam for multiple PRACH repetitions

In Rel-18 Coverage enhancement WI, only multiple PRACH transmissions with same Tx beam is supported as per a conclusion which precludes multiple PRACH transmissions with different Tx beams. In the current CR for TS38.213, there is no explicit description that “same Tx beam” should be applied for the multiple PRACH repetitions. However, if not clarified, it may cause understanding ambiguity, e.g. the Tx beam for each of multiple PRACH repetitions are up to UE implementation. However, it is not the intention. Therefore, we suggest to clarify “same Tx beam” is used for multiple PRACH repetitions.

Proposal 1: Clarify “same Tx beam” is used for multiple PRACH repetitions in the specification, with following suggested update.
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Physical random access procedure for a UE is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission [4, TS 38.211]. 
-	A preamble index, a preamble SCS, , a corresponding RA-RNTI, and a PRACH resource. 
-	A number of  preamble repetitions for the PRACH transmission if the UE would transmit the PRACH with repetitions. 
A PRACH is transmitted using the selected PRACH format with transmission power , as described in clause 7.4, on the indicated PRACH resource or on determined  resources using same Tx spatial filter in case of  preamble repetitions.





Non-overlapping RO groups for a given repetition number

It was agreed in RAN1#114bis 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 in R1-2308378, it was reflected as the highlighted part as below.
	For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
[bookmark: _Hlk144760579]-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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 



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.
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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”.

Alt 2: Separately determine RO groups for each frequency index, similar to the case when TimeOffsetBetweenStartingRO is configured. 
	[bookmark: _Hlk146701573]For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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





In our understanding, Alt 2 can lead to more aligned descriptions for both cases when time offset is configured and not configured. Therefore, Alt 2 is slightly preferred. 

Proposal 2: For the case when “TimeOffsetBetweenStartingRO” is not configured, separately determine RO group for each frequency resource index for frequency multiplexed PRACH occasions. 
	8.1	Random access preamble
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For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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





Case of one RO mapping to multiple SSBs

In the current TS38.213 CR for PRACH repetitions, the case when one RO is associated with multiple SSBs is left as TBD. Two cases can be separately considered.
Case 1: For each SSB index, it is always mapped to the same preamble set on different associated ROs.
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Fig 2: Example of case 1 – SSB is mapped to same preamble set on different ROs
Case 2: For any SSB index, it may be mapped to different preamble sets on different associated ROs. 
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Fig 3: Example of case 2 – SSB may be mapped to different preamble sets on different ROs

For Case 1, any RO associated with the SSB may be selected to determine RO group. The current text for RO group determination can be directly applied.
For Case 2, considering the limitation that same preamble should be applied for PRACH repetitions, only the ROs on which the SSB is mapped to same preamble set can be determined as one RO group. For example in Fig 3, SSB#1 is mapped to RO#0 and RO#2, and the preamble set for SSB#1 on RO#0 is {32-63}, while preamble set for SSB #1 on RO#2 is {0-31}. For such case, when RO#0 is determined as starting RO for a RO group, the subsequent RO in the RO group is RO#6 (on which the preamble set for SSB#1 is also {32-63}.
To support both case 1 and case 2, we suggest following update.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, all respective valid PRACH occasions are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index and with same preamble set for the SS/PBCH block index.



Proposal 3: For the case when one RO is associated with multiple SSBs, update the text as following.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, all respective valid PRACH occasions are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index and with same preamble set for the SS/PBCH block index.




Clarification issue for RO ordering

During email discussion for the draft CR, some companies commented that the RO/RO group ordering should be captured irrespective of whether “TimeOffsetBetweenStartingRO” is provided or not, and the current text didn’t captured it for the case when “TimeOffsetBetweenStartingRO” is configured. 
We generally agree with that the RO ordering is valid irrespective of whether “TimeOffsetBetweenStartingRO” is provided or not. However, we don’t think there is much necessity to explicitly capture it 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. However, for the current text for the case when  “TimeOffsetBetweenStartingRO” is configured, RO group determination for each frequency resource index is separately performed (as highlighted below). The ROs mentioned under this sub-bullet are for same frequency resource index. There is no need to talk about ordering in frequency domain. 
Therefore, we don’t think further update is needed, in order to capture the RO/RO group ordering in the text.

	8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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 




Proposal 4: No update is needed regarding on RO/RO group ordering for either case when “TimeOffsetBetweenStartingRO” is provided or not.

3. Conclusion
In this contribution, we discussed possible solutions for PRACH coverage enhancements. We have following proposals:
Proposal 1: Clarify “same Tx beam” is used for multiple PRACH repetitions in the specification, with following suggested update.

	8.1	Random access preamble
Physical random access procedure for a UE is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission [4, TS 38.211]. 
-	A preamble index, a preamble SCS, , a corresponding RA-RNTI, and a PRACH resource. 
-	A number of  preamble repetitions for the PRACH transmission if the UE would transmit the PRACH with repetitions. 
A PRACH is transmitted using the selected PRACH format with transmission power , as described in clause 7.4, on the indicated PRACH resource or on determined  resources using same Tx spatial filter in case of  preamble repetitions.



Proposal 2: For the case when “TimeOffsetBetweenStartingRO” is not configured, separately determine RO group for each frequency resource index for frequency multiplexed PRACH occasions. 
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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



Proposal 3: For the case when one RO is associated with multiple SSBs, update the text as following.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, all respective valid PRACH occasions are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index and with same preamble set for the SS/PBCH block index.



Proposal 4: No update is needed regarding on RO/RO group ordering for either case when “TimeOffsetBetweenStartingRO” is provided or not.
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