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1 Introduction

In last meeting, RAN2 made the following agreements with respect to the multi-beam operation [1]:
	· MAC entity increments PREAMBLE_POWER_RAMPING_COUNTER by 1 if UE does not change the TX beam and the SS block for PRACH retransmission;
· A new notification, power ramping counter suspension notification, should be defined in NR for L1 to inform MAC layer of UL beam switching and SS block change for PRACH retransmission for MAC to maintain PREAMBLE_POWER_RAMPING_COUNTER. FFS for DC case.
· MAC needs to know the selected SS block (and CSI-RS if an association is agreed) in order to select from the associated PRACH resource and/or associated preamble sequences.
· An selected SS block is provided by Layer 1 (if SS block selection is specified in RAN1). FFS if the MAC needs to do the selection [CB for CP]


In this contribution, we will discuss some remaining issues related to the multi-beam operation based on the current progress and the running MAC TS. 
2 Discussion
2.1 Selection of preamble between group A and B in contention-free RA
In the email discussion on the L2 parameters [2], the following configuration on the SS block for random access procedure is provided:
	-- ASN1START

-- TAG-RACH-CONFIG-COMMON-START

RACH-ConfigCommon ::= 



SEQUENCE {

=================Other configuraitons====================================
CBRA-SSB-ResourceList ::= 

SEQUENCE (SIZE(1..maxRAssbResources)OF CBRA-SSB-Resource

CBRA-SSB-Resource ::= 


SEQUENCE {


ssb







SSB-ID,


preamblesGroupAConfig


SEQUENCE {



sizeOfRA-PreamblesGroupA

SetOfPreambles,


}


preamblesGroupBConfig
SEQUENCE {



sizeOfRA-PreamblesGroupB
SetOfPreambles,


} OPTIONAL


-- PRACH configuration for SSB configuration (i.e. time and frequency location)


-- TODO: Type Definition for RA-Resources.


ra-Resources



RA-Resources

}
-- TAG-RACH-CONFIG-COMMON-STOP 

-- ASN1STOP


As can be seen from above, for the case of contention-free random access (CBRA), for each SS block, there is a group of associated preamble indices and PRACH resources. More specifically, for preamble index, there are configurations of the preamble group partitioning for each group of preambles associated to a certain SS block. An illustration for the above configuration is given in the following figure 1:

[image: image1.emf]1

2

3

4

5

6

7

8

9

10

N*5-

4

N*5-

3

N*5-

2

N*5-

1

N*5

SSB 1 SSB 2

SSB N

…….

Preamble in group A

Preamble in group B

Reserved preamble for  on-

demand SI request, etc


Figure 1 Association between SSB and preamble group
Hence, based on the above configuration for SS block in RA configuration, we make the following proposal:
Proposal 1: Preamble selection procedure between Group A and B in contention-based random access should be applied for the set of preamble associated with each SS block. 
In the current running TS, for the selection of preamble between group A and B, the following procedure is specified:

	2>
if Msg3 has not yet been transmitted:
3>
if Random Access Preambles group B exists; and
3>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – ra-PreambleInitialReceivedTargetPower:

Editor's note: from the LS R1-1716932, Editor understands that only ra-PreambleInitialReceivedTargetPower is discussed in RAN1, so deltaPreambleMsg3, messagePowerOffsetGroupB in LTE are not captured. RAN2 confirmation requires.

4>
select the Random Access Preambles group B;
3> else:

4>
select the Random Access Preambles group A.
2> else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.


However, with the beam operation introduced for RA procedure in NR, it is possible that for preamble retransmission when msg3 was transmitted, the selected SS block for the UE will be changed. In the last meeting, we have made the agreement that the pathloss as well as msg3 size shall be considered for preamble group selection. For the retransmitted msg3, the size of it will not change. However, if the SS block is changed, it is very likely that the estimated pathloss will be changed. In this way, it is not proper anymore to select the same group of RA preambles for the preamble retransmission. In order to resolve this issue, one possible solution is to delete the test condition for whether or not the msg3 is being re-transmitted or not, which is highlighted in the above text. 

Proposal 2: For the selection of preamble between group A and B for contention-based RA, the test condition that whether or not msg3 is being retransmitted should be deleted.
2.2 Multiple beam transmission in contention-free RA
In the current discussion of beam selection for handover [3], it is proposed that there shall be a group of dedicated SS blocks and CSI-RS indices for handover. While for contention-free random access (CFRA), it is also supported in the case of the time alignment for the SCells, which was shown in the following agreement in RAN2 97bis meeting:
	6.
As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.


In this case, similar to the case of handover, the UE should be able to receive a set of dedicated PRACH resources where the beam quality measured on the SS block and CSI-RS is above a threshold are prioritized. Hence, we make the following proposal:

Proposal 3a: For CFRA, when the network sends a PDCCH order to the UE with the dedicated PRACH resources and the common PRACH resources, the UE chooses the PRACH resource first in the dedicated PRACH resources and then in the common PRACH resources. 
Similarly, in the discussion of beam selection for handover, the case when there is an association between SS block and preamble index is also discussed. In this case, a set of dedicated preambles are indicated to the UE. Hence, when network sends UE a PDCCH order for CFRA (for DL data arrival or time alignment) with preamble index, the UE should choose among the associated SS blocks 

Proposal 3b: For CFRA, when network sends a PDCCH order to the UE with dedicated preamble indices, the UE first chooses the preamble index among the dedicated preamble indices and then among the common preamble indices.
2.3 The usage of ssb-Threshold
In the running MAC TS, we have the following Editor note:

	Editor's note: RAN2 can discuss further whether ssb-Threshold is mandatory or not. Also, the case when multiple SS blocks are above the ssb-Threshold can be discussed later.


The parameter ssb-Threshold is from the RAN1’s LS [4]. It is a cell-specific parameter which can be used by the UE to select the SS block and corresponding PRACH. In the email discussion on capturing L1 parameters in RRC [5], the parameters have been included in the RACH-ConfigCommon IE, and it is marked as optional. During that email discussion, no company raised objection on it. So for the first part of this editor note, the answer should be NO.
In RAN1#90 meeting, they have agreed that “It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)”. According to this agreement, the answer to the second part of this editor note is also very clear, i.e. it should be up to UE implementation to select one SS block if multiple SS blocks are above the ssb-Threshold.  Considering that now it is the MAC to do the SS block selection, we should have a note to reflect the above RAN1’s agreement in the MAC specification.
Proposal 4: Remove the above Editor’s note and incorporate in RAN 1’s agreement: the threshold is configured by the network. Take the following NOTE in the section 5.1.2 of MAC specification. NOTE: It is up to UE implementation how to select the SS block when multiple SS blocks are above the ssb-Threshold. 
2.4 The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER'
In the running TS, we have the following Editor Note:

	Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.


According to the following description in the running TS, in case that the RAR reception (i.e. in section 5.1.4) or the Contention resolution (i.e. in section 5.1.5) is unsuccessful, to decide whether to increment PREAMBLE_POWER_RAMPING_COUNTER, the UE needs to select the SS block for the preamble retransmission at that time.
2> if the notification of suspending power ramping counter has not been received from lower layers and SS block selected for PRACH retransmission is not changed:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
After that the UE will go back to section 5.1.2 to perform random access resource selection for new attempt. In section 5.1.2, the UE will perform the SS block selection again as below:
1>
else:

2>
select a SS block with SS-RSRP above ssb-Threshold;
In our view, it is unnecessary for the UE to select the SS block twice for the preamble retransmission. To address this issue, the location of increment PREAMBLE_POWER_RAMPING_COUNTER can be moved to the section 5.1.2.
Proposal 5: Remove the above Editor’s note and move the location of “increment PREAMBLE_POWER_RAMPING_COUNTER” to section 5.1.2 of MAC specification.

2.5 Interaction modelling between PHY/MAC layer for UL beam switching
In last RAN2 meeting, it has been agreed that “A new notification, power ramping counter suspension notification, should be defined in NR for L1 to inform MAC layer of UL beam switching”. Then a further issue is how to model the interlayer interaction for such notification. With the current RA procedure modelling, there is an interesting issue for the preamble retransmission:

· MAC layer determines that preamble retransmission is needed due to the unsuccessful RAR reception or unsuccessful contention resolution.

· MAC layer give an instruction to the PHY layer to trigger it to initiate the preamble retransmission. In the instruction, MAC layer needs to provide the PREAMBLE_RECEIVED_TARGET_POWER.

· To determine the value of the PREAMBLE_RECEIVED_TARGET_POWER, MAC needs to determine whether the power ramping counter should be incremented by 1 or unchanged. Thus, MAC needs to first check whether the PHY layer provide the notification from power ramping suspension.

· However, before receiving the instruction for preamble retransmission, PHY has no idea whether the preamble retransmission is needed, and thus the PHY layer will not determine the UL TX beam for an unknown event in future.
To address the above issue, there are the following two options.
· Option 1(as shown in Figure 2): in this option, the PHY layer is requested to determine whether conduct UL TX beam change for the potential preamble retransmission, and if yes, provide the related notification to MAC layer in advance. The advantage of this option is that upon determining the necessity for preamble retransmission by MAC layer, the MAC layer can immediately instruct the PHY layer to initiate the preamble retransmission. A possible issue of this option is the pre-determined UL TX beam may be not the most suitable one due to the potential fast channel condition change during the period from the pre-determination of the UL TX beam to the actually preamble retransmission.
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Figure 2 PHY-MAC interaction modelling- Option 1
· Option 2(as shown in Figure 3): in this option, before instructing the PHY layer to initiate the preamble retransmission, the MAC needs to first send an enquiry indication to PHY to ask whether the PHY layer would conduct UL TX beam change for the next preamble retransmission. Then the PHY layer needs to feedback a notification to indicate whether to suspend the power ramping. After that, the MAC layer can determine the PREAMBLE_RECEIVED_TARGET_POWER and instruct the PHY layer to initiate the preamble retransmission. The interaction modelling is a bit complex than option 1, but it can guarantee to use the most suitable UL TX beam by PHY layer based on the latest channel condition.
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Figure 3 PHY-MAC interaction modelling- Option 2
From RAN2 point of view, our preference is option 1. However we need to confirm with RAN1 whether they have concern on such modelling and if not, they may need to consider how to capture it in their specification.
Proposal 6: To discuss the above two detailed modelling options and select the preferred one from RAN2 perspective.
3 Conclusion

In this contribution, we discussed several remaining issues with multi-beam operation and had the following proposals.
Proposal 1: Preamble selection procedure between Group A and B in contention-based random access should be applied for the set of preamble associated with each SS block. 
Proposal 2: For the selection of preamble between group A and B for contention-based RA, the test condition that whether or not msg3 is being retransmitted should be deleted.

Proposal 3a: For CFRA, when the network sends a PDCCH order to the UE with the dedicated PRACH resources and the common PRACH resources, the UE chooses the PRACH resource first in the dedicated PRACH resources and then in the common PRACH resources. 
Proposal 3b: For CFRA, when network sends a PDCCH order to the UE with dedicated preamble indices, the UE first chooses the preamble index among the dedicated preamble indices and then among the common preamble indices.
Proposal 4: Remove the above Editor’s note and incorporate in RAN 1’s agreement: the threshold is configured by the network. Take the following NOTE in the section 5.1.2 of MAC specification. NOTE: It is up to UE implementation how to select the SS block when multiple SS blocks are above the ssb-Threshold. 
Proposal 5: Remove the above Editor’s note and move the location of “increment PREAMBLE_POWER_RAMPING_COUNTER” to section 5.1.2 of MAC specification.

Proposal 6: To discuss the above two detailed modelling options and select the preferred one from RAN2 perspective.
4 Text Proposal

A complete text proposal for RA procedure is provided in [6] and please refer to it for more details. 
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