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1 Introduction

In RAN1#90, the following WF has been proposed regarding the contention-based random access [1]:

· For contention-based NR 4-step RA procedure

· SCS for Msg 1 

· configured in the RACH configuration

· SCS for Msg 2

· For RRC_IDLE mode UE

· the same as used in RMSI transmission

· For RRC_CONNECTED mode UE 

· the same as the numerology of the active DL bandwidth part

· SCS for Msg 3

· For RRC_IDLE UE mode UE

· the same as used in RMSI transmission by default, unless it is configured in the RACH configuration in RMSII

· For RRC_CONNECTED mode UE : 

· the same as the numerology of the active UL bandwidth part

· SCS for Msg 4

· the same as in Msg.2

And the following agreements were made [2]:
Agreements:
· For contention-based NR 4-step RA procedure

· SCS for Msg 1 

· configured in the RACH configuration

· SCS for Msg 2

· the same as the numerology of RMSI

· SCS for Msg 3

· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4

· the same as in Msg.2

· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

In the above agreements, the different treatment for RRC_CONNECTED UEs has been removed from the original proposal, which could cause potential issues for RRC_CONNECTEDUEs to monitor/receive Msg2 and Msg4. In this document, we discuss how the RRC_CONNECTED UEs monitor/receive Msg2 and Msg4 to minimize the disturbance of the ongoing DL UE-specific traffic.

2 Discussion
For RRC_CONNECTED UE, it has been agreed that NR supports a single activated bandwidth part (BWP) for a serving cell at any given time instant. Typically, this active BWP can be different from the initial BWP for receiving RMSI, because the numerology suitable for UE-specific data traffic can be different from that used for system information broadcasting.  For example,  a group of UEs receive RMSI in the same initial BWP with 15kHz subcarrier spacing (SCS) numerology, but after initial access, some low-latency UEs could monitor/receive data traffic using 60kHz SCS numerology over another BWP. Figure 1 provides such an example.
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Figure 1. Example of common initial BWP and UE-specific active BWP after initial access
One important use case for RRC_CONNECTED UEs to initiate random access is for scheduling request when PUCCH resource for SR is not available.  According to the agreement, Msg2 and Msg4 in this case will be transmitted using the same numerology as RMSI. As illustrated in Figure 1, the active BWP for connected-mode UE could be different than the initial BWP. In order for RRC_CONNECTED UE to monitor/receive Msg2 and Msg4 for SR using RMSI numerology, there are two possible methods:
Method 1: RRC_CONNECTED UE switches back to the initial BWP periodically, as shown in Figure 2.
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Figure 2. Method 1: Switching back to initial BWP periodically
There are two major demerits of this method as evident in Figure 2:
· Demerit 1: UE-specific DL data traffic will be disturbed periodically due to the presence of periodic time gap.

During the periodic time gap where the initial  BWP with RMSI numerology is activated, gNB has two options to deal with the UE-specific DL data traffic: one is to schedule the traffic using the RMSI numerology which is obviously not optimal for the service requirement; the other option is not to schedule the UE-specific data at all, resulting in delay in the UE’s traffic. 
· Demerit 2: Timely delivery of Msg2 and Msg4 in case of SR-triggered random access cannot be guaranteed. 
Note that gNB does not know who sent Msg1 at the moment of replying Msg2, because even for the RRC_CONNECTED UE, the UE identity is known to the gNB via Msg3.  Therefore, it is not possible for gNB to dynamically switch the active BWP for the UE who sent Msg1 to the initial BWP to receive Msg2. In order to have a common understanding between gNB and UE about which active BWP should be used, the semi-static time pattern should be used for switching between UE-specific BWPs and the initial BWP. This time-pattern could be semi-statically configured for individual UEs. In such case, the Msg2 should be duplicated into all active BWPs within the NR carrier until gNB receives Msg3 in which contains UE ID who sent Msg1. Since the RAR window can be only configured within the period that the initial BWP is active, the presence of the time-pattern prevents configure RAR window flexibly, causing delay for delivering Msg2 and hence Msg4. Note that the initial BWP cannot be activated too frequently by the time-pattern, otherwise the UE-specific DL traffic will be impaired due to reasons mentioned in Demerit 1. 
Instead of switching back to initial BWP periodically, switching back to certain BWP with RMSI numerology is possible. Another variation would be the switching-back time-pattern is differentiated among UEs as described above. Such variations can solve the congestion of initial BWP but does not solve above two demerits.
To solve the above issues of method 1, we can consider the method 2:
Method 2: Numerology for Msg2 and Msg4 can be different from that of RMSI for RRC_CONNECTED UEs. Figure 3 gives one example.
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Figure 3.  Method 2: Msg2 and Msg4 are transmitted using UE-specific data numerology

As shown in Figure 3, Msg2/Msg4 are sent using the same SCS as that used for DL UE-specific data. As a result, the DL UE traffic is not disturbed and the RAR window can be configured more flexibly. 
However, since gNB cannot know who sent Msg1 at the moment when replying Msg2, Msg2 needs to be duplicated into all active BWPs including the initial BWP (to consider the case that Msg1 was sent by RRC IDLE UE). In order to reduce the duplication, the PRACH resources can be partitioned according to the triggering events and UE DL data numerologies. Although general separation of the PRACH resource set based on event trigger is under RAN2 discussion, at least the separation of RRC_CONNECTED with different SCS should be supported as minimum. For example, the following partitioning may be considered:

· PRACH resource set 1: ( RRC_IDLE and RRC CONNECTED with15 kHz SCS including Msg2/4) 
· PRACH resource set 2: ( RRC_CONNECTED with 60 kHz SCS including Msg2/4)
With the PRACH resources partitioned, gNB can know which event triggers the RA and which numerology it should use for sending Msg2 and Msg4, avoiding the disturbance of ongoing DL traffic. Besides, the Msg2/Msg4 are not necessary to duplicate into all active BWPs, instead, only the active BWPs with corresponding numerology can be considered. The above association between PRACH resource and RA events/numerologies can be signalled to UE via RMSI or on demand SI or via dedicated RRC message.
Note that in RAN1 NR AH#3 meeting, it has been agreed that slot-based transmission of Msg2/Msg4 is supported and non-slot based transmission can be further considered [3]. If both slot-based and non-slot based transmission of Msg2/Msg4 are supported, the described method 2 is required in order to for gNB to operate on the corresponding scheduling scheme. 

Therefore, we propose the following:

Propose 1: Numerology for Msg2 and Msg4 can be different from that of RMSI for RRC_CONNECTED UEs. PRACH resources can be differentiated between RRC IDLE and RRC CONNECTED UEs. 
3 Conclusion

This document discusses the methods that RRC_CONNECTED UEs monitor/receive Msg2 and Msg4 to minimize the disturbance of the ongoing DL UE-specific traffic. We propose the following:
Propose 1: Numerology for Msg2 and Msg4 can be different from that of RMSI for RRC_CONNECTED UEs. PRACH resources can be differentiated between RRC IDLE and RRC CONNECTED UEs. 
4 Reference
[1] R1-1714963 , WF on NR PRACH numerology, CATT
[2] RAN1#90 Chairman-Notes
[3] RAN1 NR AH#3 meeting Chairman- Notes

5
1
3GPP


_1568124500.vsd
Initial BWP


RMSI


15kHz SCS


UE1 specific BWP


60kHz SCS


UE1 data


Time


Freq


Msg2/4 for initial access


15kHz SCS


Msg2 for SR


Msg4 for SR


60kHz SCS


UE1 data


Periodic time gap



_1568125925.vsd
Initial BWP



RMSI


15kHz SCS


UE1 Specific BWP 


60kHz SCS


UE1 data


Time


Freq


Msg2/4 for initial access


Msg2/4 for SR


Msg2/4 for SR


Msg2 for SR


Msg2for SR



_1568124017.vsd
Initial BWP


RMSI


15kHz SCS


UE1 active BWP


60kHz SCS


UE1 data


Time


Freq



