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1. Introduction
RAN2 received LSs from RAN1 which gather the agreements on RACH including multi-beam operation [1, 2]. This paper attempts to pinpoint the agreements relevant to the multi-beam operation which would affect the MAC specification.
2. Discussion
2.1. MAC impacts based on the latest agreements

From the information received from RAN1, the following three points are relevant to the RA procedure specified in MAC.
1). RACH resource selection in multi-beam operation

The followings are the relevant RAN1 agreements [2]:
	Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameterーs in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).


In multi-beam operation, multiple RACH resources are prepared for contention-based RACH. Each RACH resource is associated with SS-block in the SS burst, which are broadcast in RMSI (Remaining Minimum SI, SIB2 in LTE). Based on DL measurements, the UE find an SS-block on which the best radio quality is observed and Msg.2 is to be transmitted [3]. The UE selects the RACH resource associated with the SS-block discovered by the UE. This is similar to the RACH resource selection based on CE level supported for eMTC/NB-IoT. This UE behaviour needs to be described in sub-clause 5.1.2 (Random Access Resource selection). For instance, this can be reflected as shown below:

=====================================================================================
5.1.2
Random Access Resource selection

The MAC entity shall:

1>
selects the PRACH resource set associated with the SS-block identified by DL measurements.
1>
if the ra-PreambleIndex has been explicitly signalled, and it is not 0b000000:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;

1>
else:

=====================================================================================

The following is proposed:
Proposal 1:
In multi-beam operation, the UE selects the PRACH resource set associated with the SS-block identified by DL measurements.
2). Power ramping in case of beam switching

In [1], power ramping handling when UE switches its Tx beam is described as follows:
If the UE conducts beam switching, the counter of power ramping remains unchanged. If UE doesn’t change beam, the counter of power ramping keeps increasing. Whether UE performs UL Beam switching during retransmissions is up to UE implementation and which beam UE switches to is up to UE implementation.
In the current RA procedure specified in MAC [4], whether the power ramping counter is incremented or not is decided:
a)
If ra-ResponseWindowSize expires and if the RA response has not been received (sub-clause 5.1.4); or
b)
If the contention resolution is considered not successful (sub-clause 5.1.5).

For instance, the RAN1 agreement is reflected as shown below:
================== sub-clause 5.1.4 Random Access Response reception ============================

1>
if ra-ResponseWindowSize expires, and;

1>
if the Random Access Response has not been received:

2>
consider the Random Access Response reception not successful;
2>
if the notification of power ramping suspension has not been received from lower layers; or

2>
if the notification of swithcing a transmission beam has not been received from lower layers:

3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to confirm from RAN1 on power ramping suspension, and can be added later.
=====================================================================================
================== sub-clause 5.1.5 Contention Resolution ======================================

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;

2>
if the notification of power ramping suspension has not been received from lower layers; or

2>
if the notification of switching a transmission beam has not been received from lower layers:

3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

=====================================================================================

The following is proposed:
Proposal 2:

In the following two cases, the MAC entity increments the preamble transmission counter unless UE Tx beam is switched by the physical layer.

a)
When the RA response has not been received in an RAR window;


b)
When the contention resolution is failed.

3). Multiple Msg.1 transmission

With regards to multiple Msg.1 transmission, the following was agreed [2]:
	Agreements:
· 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 


From the above agreement, the whole picture is still not clear how Msg.1 can be transmitted in multiple occasions. In particular, from the MAC viewpoints, it is not sure if only one RA procedure is performed or not. Further RAN1 progress and input are deemed as necessary for RAN2 to analyse the MAC specification impact.
Observation 1:
Further RAN1 progress and input are required to analyse the MAC impacts on multiple Msg.1 transmission.

2.2. Other consideration
Although RAN1 has made a lot of progress in terms of the beam operation, it should be cautious about discussing the MAC specification impact. Given that the RA procedure is also described in the RAN1 specification (e.g. TS 36.213 in case of LTE) and the multi-beam operation is mainly done by the physical layer, most of them are supposed to be captured in the RAN1 specification. For instance, power control and the timing to transmit/receive the messages during the RA procedure are to be captured in the RAN1 specifications. Interested companies are encouraged to check how the RAN1 specifications look like in terms of the RA procedure with beams and identify the UE behaviour which is visible to the MAC layer.
Observation 2:
The MAC specification should only capture the UE behaviour on the RA procedure with multi-beams which is visible to the MAC layer.
3. Summary and proposal
This paper analysed the MAC specification impacts on the RA procedure in multi-beam operation. In summary, the followings were proposed:
Proposal 1:
In multi-beam operation, the UE selects the PRACH resource set associated with the SS-block identified by DL measurements.

Proposal 2:

In the following two cases, the MAC entity increments the preamble transmission counter unless UE Tx beam is switched by the physical layer.


a)
When the RA response has not been received in an RAR window;


b)
When the contention resolution is failed.
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