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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN1#110bis meeting, the initial discussion on Rel-18 Further NR Coverage Enhancement had been launched, some agreements were achieved and some FFSs were left for next discussion. This contribution is to make evaluation and analysis on these open issues and provide our proposals for RAN1 decision.
2		Discussion
After the discussion in RAN1#110bis, the following agreements were obtained[1],
Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· [bookmark: OLE_LINK7]FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.
Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· [bookmark: OLE_LINK11]Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
2.1 Preambles in multiple PRACH transmissions
[bookmark: _Toc53783607]It has been agreed that same preamble can be used in multiple PRACH transmission with same beam (i.e. PRACH repetition). By this means, the decoding gain at gNB side could be achieved via multiple reception, and further combining detection can be conducted by the gNB when the preambles are identical in multiple reception. However, in case different preambles are used in multiple PRACH transmission, the thing is somewhat different.
If preamble partition is adopted to distinguish PRACH repetition from legacy random access attempts, not many preambles available for PRACH coverage enhancement, considering preambles need to be reserved for several other purpose, e.g. 2-step RACH, BFR, SI Request, HO, SDT etc.  As thus, if different preambles reserved for PRACH coverage enhancement were used at different ROs in one RACH attempt, the collision probability would increase significantly. When multiple enhanced UEs initiate PRACH transmission repetition during these ROs, the Msg2 containing any ID of the transmitted preambles would be received and processed by these enhanced UEs and deemed as successful RAR from network, assuming UE can only monitor one RAR window for one RA attempt. And consequently, the UEs except the target UE would fail until reception of Msg3, thus these concerned UEs could not initiate the next RACH attempt until contention resolution, leading to larger RA latency.
[bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Furthermore, the combination detection cannot be conducted in case different preambles were utilized in multiple PRACH transmissions, which will degrade the performance for PRACH coverage enhancement via PRACH repetition. As thus, we don’t prefer the alternative of using different preambles during multiple PRACH transmissions.
[bookmark: OLE_LINK13][bookmark: OLE_LINK22][bookmark: OLE_LINK8][bookmark: OLE_LINK19]Proposal 1: It is not preferred that different preambles are utilized in multiple PRACH transmissions with same beam.

2.2 Frequency hopping in PRACH repetitions
Considering the issue whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions, we got the simulation result for PRACH transmission without repetitions as below.
[image: ]
Figure-1  PRACH detection performance without repetition, with and w/o frequency hopping
[bookmark: OLE_LINK12]Observation 1: In terms of SNR at 1% miss detection rate, there is no obvious gain when using frequency hopping in TDLC 300-100 channel without PRACH repetitions.
In our understanding, the simulation result is also applicable for the cases of PRACH repetitions since the frequency hopping gain is independent of multiple PRACH transmissions. 
[bookmark: OLE_LINK14]Proposal 2: It is not preferred that frequency hopping is utilized in multiple PRACH transmissions with same beam.
2.3 [bookmark: OLE_LINK3]RAR window for Rel-18 PRACH repetition
Two options for RAR window scheme design are provided in RAN1#110bis for further evaluated.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
Regarding Option1, since multiple RAR windows need to be monitored by the UE, the TDD frame pattern would affect the windows position and the actual latency for the RAR reception significantly.
Case 1) multiple ROs are located intra- or inter- consecutive UL slots in TDD frame (e.g. DDDSUUDDDD)
[bookmark: OLE_LINK2]In this case, the actual valid RAR window can only be started after end of consecutive UL slots in the half frame, as a result the multiple valid RAR windows would overlapped largely or completely. For example, if UE perform 4 PRACH transmissions at 4 ROs within the two UL slots, that means the actual valid start positions of 4 RAR windows are identical, i.e. from the first symbol in the first DL slot after the two consecutive UL slots. Obviously, it is unreasonable for the UE to monitor multiple windows with different RA-RNTIs under this scenario.
Case 2) multiple ROs are located in non-consecutive UL slots separated by DL slots within TDD frame (e.g. DDDSUDDDSU).
[bookmark: OLE_LINK16]In this case, assuming there 2 ROs in each UL slot, the first two RAR windows can be started after the end of the first UL slot while the next two RAR windows be started after the end of second UL slot. Consequently, the UE might receive successful RAR prior to the end of 4 PRACH transmissions, however it is not necessary to start one RAR window for each PRACH transmission.
Considering the above scenarios, for the Option 1
Pros:
· The legacy RAR window scheme unchanged, and also the legacy RA-RNTI scheme need no change.
· In some scenarios with specific TDD pattern configuration, shorter RA latency can be achieved.	
Cons:
· [bookmark: OLE_LINK4]UE needs to monitor multiple RAR windows, meanwhile these RAR windows might overlap, thus during the overlapping time the UE needs to monitor multiple RA-RNTIs, which lead to the complexity increasing, also power consuming increasing.
· In some scenarios (dependent on TDD frame pattern and RO configuration), these RAR windows might overlap largely or even totally, causing that no benefit (i.e. shorter RA latency) could be gained.
· [bookmark: OLE_LINK6]the preamble detection combination gain at the gNB side cannot be achieved anymore.
For the Option 2,
Pros: 
· The complexity is low since UE need only monitor one RAR window.
· Combination detection gain on the gNB side can be achieved.
Cons: 
· Need to change/update the legacy RAR window and RA-RNTI scheme.
· In some scenarios subject to the TDD frame patterns, the RA delay might be larger than that in legacy scenario, i.e. one PRACH transmission in a RA attempt. 
[bookmark: OLE_LINK23]Based on the pros and cons of these two options, in our view Option 2 is preferred due to the low complexity and the combination detection gain could be achieved to improve the PRACH coverage via PRACH repetitions which is one of the target of this Rel-18 work item.
[bookmark: OLE_LINK28]Proposal 3: Option 2 is preferred to be adopted by RAN1. 
For the Option 2, the start position of RAR window might be after the end of first PRACH transmission considering both the UE complexity and the RA latency. This enables the gNB more flexible to conduct detection of preambles, e.g. in case the UL radio condition is not very bad, the gNB could detect the preamble successfully based on single or two reception and then respond the RAR prior to the end of PRACH repetitions; while in other cases the UL radio condition is such bad that the gNB needs to conduct detection based on combination of multiple preamble receptions waiting until completion of preamble repetitions, and then reply the RAR to the UE.
[bookmark: OLE_LINK15]Proposal 4: In case of Option 2, its preferred that the start position of RAR window should be after the end of the first PRACH transmission. 
For the Option 2, the current RA-RNTI scheme need to be enhanced since UE cannot know which PRACH transmission could be detected by the gNB successfully and be utilized to scramble the PDCCH for Msg2. Herein there are two sub-options to be considered:
· [bookmark: OLE_LINK26]Option 2a:  UE need monitor multiple RA-RNTIs in the RAR window, each corresponding to one PRACH transmission.
· Option 2b:  UE need only monitor one RA-RNTI in the RAR window, which corresponds to one specific transmission in the multiple PRACH transmissions.
[bookmark: OLE_LINK29]The UE complexity of Option 2b is much lower than Option 2a, and also the UE power consuming is lower for Option 2b. However, the UE and gNB ought to keep alignment on the RA-RNTI used for scrambling the PDCCH to assure the successful reception of Msg2. Thus this issue should be resolved and specified by RAN1.
[bookmark: OLE_LINK18]Proposal 5: If Option 2b is agreed (i.e. only one RA-RNTI monitored), the issue needs to be resolved and specified by RAN1 that how the UE and gNB keep alignment on the RA-RNTI used for scrambling the Msg2 PDCCH.

3	Conclusions
In this contribution, we discussed some open issues brought in the last RAN1 meeting and made some simulation and further evaluation, and get the observation below,
 Observation 1: For 99% probability of detection SNR, there is no obvious gain when using frequency hopping in TDLC 300-100 channel without PRACH repetitions.
Then following proposals are provided for discussion:
Proposal 1: It is not preferred that different preambles are utilized in multiple PRACH transmissions with same beam.
Proposal 2: It is not preferred that frequency hopping is utilized in multiple PRACH transmissions with same beam.
Proposal 3: Option 2 is preferred to be adopted by RAN1. 
Proposal 4: In case of Option 2, its preferred that the start position of RAR window should be after the end of the first PRACH transmission. 
Proposal 5: If Option 2b is agreed (i.e. only one RA-RNTI monitored), the issue needs to be resolved and specified by RAN1 that how the UE and gNB keep alignment on the RA-RNTI used for scrambling the Msg2 PDCCH.
4. References
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Appendix
Simulation assumptions:
	Parameters
	Value

	System bandwidth
	100MHz

	Tx ant number
	1

	Rx ant number
	2

	Channel 
	TDL-C 300-100

	Frequency offset
	400Hz

	PRACH format 
	Format 0




image1.emf
-8 -7 -6 -5 -4 -3 -2 -1

SNR

10

-3

10

-2

10

-1

M

i

s

s

e

d

 

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

 

[

0

t

o

1

]

 NrRx= 2, Channel:TDLC300-100, FO:400, Format: 0

PRACH missed Detection with FH

PRACH missed Detection without FH


