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1 Introduction

Prioritized RACH was discussed in the last RAN2#97bis meeting and some companies thought that NR should support RACH with different priority. In the following agreements [1], prioritization of RACH is mentioned. But no agreement has been achieved on whether and how to support it. 
	Agreements on Random Access:

-
The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED

-
In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE

-
The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE

-
There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization


In this paper, we further discuss prioritized RACH.

2 Single RACH configuration

In this section, we discuss the situation where a single RACH configuration is supported. Namely the same RACH configuration is adopted for services with different priorities. 

In LTE, multiple SR-RACH procedures may be requested and if the MAC entity receives a request for a new RA procedure while another RA procedure is already ongoing in the MAC entity, it is up to UE implementation whether to continue the ongoing procedure or start the new procedure. 

In NR, various services with different QoS requirements will be supported. The issue arises whether NR needs to have some enhancement on RA prioritization to satisfy different QoS requirements of different services. 

In the case that the UE supports a single RACH configuration, if a prioritized RACH procedure needs to be initiated while a normal RACH procedure is already on going, two options can be considered.

· Option1: Continue with the ongoing procedure but a new BSR MAC CE should be generated and stored in Msg3 buffer based on received RAR UL grant from each RAR window
For option1, the UE can generate a new BSR MAC CE to include the latest buffer state based on RAR UL grant for preamble retransmission. Based on the updated BSR MAC CE, gNB can allocate the suitable resource to satisfy the QoS requirement of the service timely in subsequent scheduling. One example is showed in Figure 1.
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Figure 1: An example of option1
· Option2: Start with the new procedure via the same PRACH cofiguration 
For option2, the difference with option 1 is that the Msg3 transmission buffer is flushed. The new Msg3 will be generated and include a new BSR MAC CE with the latest buffer state in the new Msg3 for the new random access procedure. Based on new BSR MAC CE, gNB can also allocate the suitable resource to satisfy the QoS requirement of the service timely in subsequent scheduling as option1. 
The same technical effects are achieved by option1 and option2, if a single RACH configuration is supported. Hence we have the following proposal.
Proposal 1: If multiple PRACH configurations are not supported for a UE, it is up to UE implementation to decide continue with the ongoing procedure with update Msg3 buffer based on received RAR UL grant from each RAR window or start with a new procedure.

3 Multiple RACH configuration

In this section, we discuss the situation where multiple RACH configurations are supported for different services, i.e., different RACH resources are configured on different numerologies.  

3.1 Numerology

Using default numerology (e.g., 15kHz) for RACH of all case can obviously reduce the complexity of both RACH procedure and the effort of standardization. However, it would not satisfy the latency requirement of latency sensitive service, such as URLLC. Hence, for such kind of services, it is reasonable to configure the RACH resources with a larger SCS, e.g., 60 kHz, to reduce the latency of RACH. An example is given in Figure 2.
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Figure 2: Prioritized RACH and normal RACH on different numerology
Proposal 2: Different numerologies can be configured for RACH procedures with different latency requirements.
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Figure 3: Configuration of numerology, PRACH and TTI
3.2 RACH Configuration

In multi-numerology RACH, the RACH configuration related to each numerology should be informed to the UEs. These may include association between numerology and service/RACH type, RACH resource (Preamble and PRACH) configuration on each numerology and TTI length of each numerology, etc. One method is to broadcast these configurations through the minimum SI. Then, the UE can obtain these parameters for RACH. One example is provided in Figure 3.
Proposal 3: RACH configuration related to each numerology should be broadcast in minimum SI. The configuration information can include association between numerology and service/RACH type, RACH resource and TTI length of each numerology, etc.
3.3 RAR window size 
Another issue brought by the use of different numerologies is the change of RAR window size. In LTE, the RAR window is configured with the unit of subframe as the TTI length is a subframe. However, in numerology with larger SCS (e.g., 60kHz), the TTI length is smaller than a subframe. So it should be configured shorter in a different way. One way is to configure the RAR window size of such numerology with minimum SI. Another way is letting UE to scale the RAR window by itself according to the numerology it uses. For example, if the SCS of the numerology used is 4 times of the default numerology, the RAR window should be ¼ of the one in default numerology. 

Proposal 4: RAR window size for RACH on numerology with larger SCS (e.g., 60kHz) should be shortened. It can configured through minimum SI or scaled by the UE itself according to the numerology it uses.
3.4 Prioritized RACH versus normal RACH 
Even though multiple RACH configurations are supported, only one RACH procedure can be executed simultaneously, as it is agreed in RAN2 #97bis meeting that one MAC entity can only support one RACH procedure at one point of time. If a prioritized RACH needs to be initiated while a normal RACH procedure is ongoing, the behavior of the UE Should be defined in NR. The two options in proposal 1 can also be considered here. But a shortcoming is that reporting BSR of the latency sensitive service through the ongoing RACH procedure may cause an intolerable latency, as it uses a large TTI length. 

Another two options can be considered according to the progression of the ongoing RACH procedure. If RAR has not been received, i.e., the RACH procedure is just in the first step, it is okay to stop it. Preamble of the prioritized RACH can be sent and the UE will only process the RAR of this preamble. On the other hand, if RAR of the ongoing RACH procedure has been received, it is up to UE to decide which procedure should be continued.
Proposal 5: A prioritized RACH procedure can be initiated to replace the ongoing normal RACH procedure if the RAR of the ongoing RACH procedure has not been received. 

Proposal 6: 
If RAR of the normal RACH procedure has been received, it is up to UE to decide which procedure should be continued.
4 RA reliability enhancement

To increase reliability of RA procedure, service-based Power control parameter configurations can be supported, e.g. higher powerRampingStep and/or preambleInitialReceivedTargetPower for preamble transmission is used when the RA procedure is triggered by high priority service since it has more successful probability to be decoded by gNB.
Proposal 7: Service-based Power control parameter configurations can be supported, e.g. powerRampingStep and preambleInitialReceivedTargetPower.
5 Conclusion
The proposals in this paper are summarized as follows.

Proposal 1: If multiple PRACH configurations are not supported for a UE, it is up to UE implementation to decide continue with the ongoing procedure with update Msg3 buffer based on received RAR UL grant from each RAR window or start with a new procedure.
Proposal 2: Different numerologies can be configured for RACH procedures with different latency requirements.

Proposal 3: RACH configuration related to each numerology should be broadcast in minimum SI. The configuration information can include association between numerology and service/RACH type, RACH resource and TTI length of each numerology, etc.
Proposal 4: RAR window size for RACH on numerology with larger SCS (e.g., 60kHz) should be shortened. It can configured through minimum SI or scaled by the UE itself according to the numerology it uses.
Proposal 5: A prioritized RACH procedure can be initiated to replace the ongoing normal RACH procedure if the RAR of the ongoing RACH procedure has not been received. 

Proposal 6: If RAR of the normal RACH procedure has been received, it is up to UE to decide which procedure should be continued.
Proposal 7: Service-based Power control parameter configurations can be supported, e.g. powerRampingStep and preambleInitialReceivedTargetPower.
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