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1 Introduction

In RAN2 AH#2 and RAN2#98, RAN2 has discussed PRACH preamble transmission in multiple RACH transmission occasions before monitoring the RAR window. In RAN2 AH#2 [1], RAN2 has made the following decision and has sent an LS [2] to RAN1:
In RAN1 AH#2, RAN1 has discussed PRACH preamble transmission in multiple RACH transmission occasions before monitoring the RAR window and has made the following agreements.
In this contribution we discuss further details of multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window.

2 Discussion
RAN1 has agreed that UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain if the configuration of dedicated multiple RACH transmission occasions in time domain is supported. However, RAN1 has not yet made the final decision on supporting configuration of dedicated multiple RACH transmission occasions in time domain. 
In RAN2 AH#2 [1], RAN2 has also discussed supporting configuration of dedicated RACH resources. RAN2 has agreed that a set of dedicated RACH resources (time/frequency/sequence) can be optionally included in handover command but the decision about the type of dedicated resources (time/frequency/sequence) will be taken by RAN1. 
Based on current agreements in RAN1 and RAN2, we can observe that support of multiple Msg.1 transmission over multiple RACH transmission occasions in time domain depends on whether RAN1 agrees to support configuration of dedicated multiple RACH transmission occasions in time domain or not. We can also observe that for contention free random access, RAN1 sees benefit in allowing UE to transmit multiple Msg.1 over multiple RACH transmission occasions in time domain before the end of a monitored RAR.
Observation 1: Support of multiple Msg.1 transmissions over multiple RACH transmission occasions in time domain depends on whether RAN1 agrees to support configuration of dedicated multiple RACH transmission occasions in time domain or not.
In order to progress further, we discuss some additional RAN2 aspects for supporting multiple Msg.1 transmissions over multiple RACH transmission occasions. In case UE is configured to transmit multiple Msg.1 over multiple RACH transmission occasions then following needs to be addressed:

a) Does UE monitor a single RAR window for each of these Msg.1 transmissions or it monitors multiple RAR windows?

b) How does UE determine the one or more RAR window(s) for these Msg.1 transmissions?
In RAN2 #98 we have agreed that RAR window starts at fixed duration (say T) from the end of RACH transmission occasion. As shown in Figure 1, UE transmits Msg.1 in time slot ‘X’ and then monitors RAR in RAR window (i.e. in time slots from ‘X+T’ to ‘X+T+RAR Window Length’). In case UE is configured to transmit multiple Msg.1s, UE can transmit additional Msg.1s before the end of a monitored RAR window, if RACH transmission occasions are configured during time interval from time slot ‘X+1’ to ‘X+1+RAR Window Length. We can observe that for transmitting ‘N’ (where N>1) Msg.1s before the end of a monitored RAR window, a set of ‘N’ closely located (may or may not be contiguous) RACH transmission occasions in time domain are needed. 
Multiple such sets may be needed as UE may fail to receive RAR after transmitting Msg.1s in first set of RACH transmission occasions. Multiple such sets may also be needed for indicating DL TX beam where each set of RACH transmission occasions is associated with one or more SS blocks. Since multiple Msg1 transmissions is supported for contention free random access, one or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE by network. UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions.
Observation 2: For transmitting N Msg.1s before the end of a monitored RAR window, one or more sets of ‘N’ (N>1) closely located RACH transmission occasions in time domain are needed. 
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Figure 1
The various approaches for monitoring RAR when UE transmits multiple Msg.1s are discussed further.
Approach 1: Single RAR Window, RAR Monitoring after each Msg1 TX
One or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE by network. UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions. In this approach, there is a single RAR window for multiple Msg1 transmissions. The RAR window starts at an offset from the end of the first RACH TX occasion in a set of RACH TX occasions as shown in Figure 2. 
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Figure 2

UE monitors for RAR corresponding to each transmitted Msg.1 in RAR window. After the UE transmits 1st Msg1, it monitors RAR corresponding to this Msg1 in RAR window. After the UE transmits 2nd Msg1, it monitors RAR corresponding to both 2nd Msg1 and 1st Msg1 in remaining RAR window and so on. As soon as UE receives RAR for any Msg.1 transmitted by it, it shall consider RAR reception successful and UE stops monitoring RAR in RAR window.

In this approach, after transmitting each Msg1 UE can start monitoring for RAR after a fixed duration similar to RA procedure with one Msg1 transmission. There is no additional delay. Since the RAR window is defined with respect to first RACH transmission occasion in a set of RACH transmission occasions and same RAR window is applicable for each RACH transmission occasion in a set of RACH transmission occasions, UE and network should be able to identify each such set of RACH transmission occasions. Network not only needs to configure multiple RACH transmission occasions but also needs to signal which RACH transmission occasions constitute a set.
Approach 2: Single RAR Window, RAR Monitoring after N Msg1 TXs
One or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE by network. UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions. In this approach also there is a single RAR window for multiple Msg1 transmissions. The RAR window starts at an offset from the end of the last RACH TX occasion in a set of RACH TX occasions as shown in Figure 3. UE monitors for RAR corresponding to each transmitted Msg.1 in RAR window. As soon as UE receives RAR for any Msg.1 transmitted by it, it shall consider RAR reception successful and UE stops monitoring RAR in RAR window.
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Figure 3
In this approach UE can start monitoring for RAR only after transmitting a set of Msg1s. So, there can be additional delay in monitoring RAR depending on duration (T1 in Figure 3) of a set of RACH transmission occasions. Since the RAR window is defined with respect to last RACH transmission occasion in a set of RACH transmission occasions and same RAR window is applicable for each RACH transmission occasion in a set of RACH transmission occasions, UE and network should be able to identify each such set of RACH transmission occasions. Network not only needs to configure multiple RACH transmission occasions but also needs to signal which RACH transmission occasions constitute a set.
Approach 3: Multiple RAR Windows, RAR Monitoring after each Msg1 TX

One or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE by network. UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions. In this approach for every Msg1 transmitted by UE there is an independent RAR window. In case of multiple Msg1s transmitted by UE, UE monitors RAR in multiple RAR windows which can be overlapping as shown in Figure 4. 
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Figure 4
UE monitors for RAR corresponding to each transmitted Msg1 in corresponding RAR window. As soon as UE receives RAR for any Msg1 transmitted by UE, it shall consider RAR reception successful and UE stops monitoring RAR window(s). In this approach, after transmitting each Msg1 UE can start monitoring for RAR after a fixed duration similar to RA procedure with one Msg1 transmission. There is no additional delay.
We further compare (see Table 1) these approaches in terms of delay in completing the random access procedure UE complexity and network complexity.
Table 1

	Parameters for Comparison
	Approach 1
	Approach 2
	Approach 3

	Delay Aspects
	Time interval between each Msg1 TX and the earliest opportunity to receive RAR.
	Short (T) 

(
	Long (T + T1)

 (
	Short (T)

 (

	
	Time interval between 1st Msg1 TX amongst the multiple Msg1 TXs and the last opportunity to receive RAR.
	T + RAR Window Length

(
	T + T1 + RAR Window Length

(
	T + T1 + RAR Window Length

(

	UE complexity aspects
	Multiple RA-RNTI monitoring in a RAR window
	Needed

(
	Needed

(
	Needed

(

	
	# of RA-RNTIs monitored in each time slot of RAR Window is same or different
	can be different for different time slot

(
	Same

 (
	can be different for different time slot

(

	Network complexity aspects
	Time available with network to schedule RAR for each Msg1
	Less than RAR Window Length except for 1st Msg1 TX 

(
	at least RAR Window Length 

(
	RAR Window Length 

(


Based on the above discussion we propose the following:
Proposal 1: If UE is configured to transmit multiple Msg.1s before the end of a monitored RAR window, one or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE. Each set consists of N (N>1) RACH transmission occasions in time domain. 
Proposal 2: UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions.
Proposal 3: UE monitors for RAR corresponding to each transmitted Msg.1 in RAR window. RAN2 should further discuss the following:

· Whether the UE monitors single or multiple RAR windows for monitoring RAR corresponding to each transmitted Msg1.
· In case of single RAR window monitoring, whether the start of RAR window is at an offset with respect to first or last RACH transmission occasion in the set of RACH transmission occasions selected by UE for multiple Msg.1 transmissions.

Proposal 4:  As soon as UE receives RAR corresponding to any Msg1 transmitted by UE, it shall consider RAR reception successful and stops monitoring RAR.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: If UE is configured to transmit multiple Msg.1s before the end of a monitored RAR window, one or more sets of RACH transmission occasions in time domain are dedicatedly signaled to UE. Each set consists of N (N>1) RACH transmission occasions in time domain. 

Proposal 2: UE selects a set of RACH transmission occasions and transmits Msg.1s in these RACH transmission occasions.
Proposal 3: UE monitors for RAR corresponding to each transmitted Msg.1 in RAR window. RAN2 should further discuss the following:

· Whether the UE monitors single or multiple RAR windows for monitoring RAR corresponding to each transmitted Msg1.
· In case of single RAR window monitoring, whether the start of RAR window is at an offset with respect to first or last RACH transmission occasion in the set of RACH transmission occasions selected by UE for multiple Msg.1 transmissions.

Proposal 4:  As soon as UE receives RAR corresponding to any Msg1 transmitted by UE, it shall consider RAR reception successful and stops monitoring RAR.
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RAN2 Agreement [1]


RAN2 expects RAN1 to make the final decision on whether multiple preamble transmission is beneficial before RAR reception. Request RAN1 to preferably provide input on multiple preamble transmissions by August meeting. 








RAN1 Agreement [3]


For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.


Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access


Note: Multiple Msg1 can be transmitted with same or different UE TX beams 
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