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Introduction
Multi-beam operation is being discussed in RAN2. One open issue concerning selection of SSBs for random access has been captured by RAN2, and IS highlighted as below
[Issue 5.1.2-1]	RAN2 needs to conclude whether ssb-Threshold is mandatory or not. Also, RAN2 should discuss the case when multiple SS blocks are above the ssb-Threshold.
This contribution proposes corrections accordingly.  We have also proposed the corresponding text proposals.
[bookmark: _Ref178064866]Discussion
Corrections on selection of SSBs
[bookmark: _Hlk501003620]For an NR cell configured with multiple SSBs, where each SSB is associated with a specific DL beam, the choice of which SSB to use is left to UE implementation if it selects an SSB with an SS-RSRP above ssb-Threshold. We think such behaviour is not efficient in case the RA accesses are not equally distributed between SSBs.
1. [bookmark: _Toc503355255][bookmark: _Toc503376679][bookmark: _Toc503429732][bookmark: _Toc503460877][bookmark: _Toc505979453][bookmark: _Toc506484474]It is not efficient to leave for UE implementation on how to select the SSBs for RA access.
For the initial RA access, the measurement metric of SS-RSRP that is used for the SSB selection may not reflect the load situation of the corresponding SSBs, e.g., whether there are free preambles available in SSBs. It may occur that the SSB which is used for RA is experiencing high RA load resulting in that the gNB is unable to handle RA attempts and instead sends a BI to the UE. At the same time, other SSBs may experience low RA load and therefore are able to admit RA attempts. Upon reception of a BI in RAR, the UE would do Back-off and retransmit preambles on the same SSB, leading to an unnecessary long delay for the RA. An example of the issue is illustrated in Figure 1. In this example, for the UE, there are two SSBs: SSB1 and SSB2 which are above the ssb-Threshold, meaning that the UE can use SSB1 or SSB2 to initiate a RA access. Although SSB1 has higher RSRP than SSB2, since SSB1 is fully loaded (there is no free preamble for the moment), it would be better for the UE to select SSB2 instead of performing backoff on SSB1.
[image: ]
Figure 1. An example of RA load unequal distributions between SSBs
1. [bookmark: _Toc501576375][bookmark: _Toc503355256][bookmark: _Toc503376680][bookmark: _Toc503429733][bookmark: _Toc503460878][bookmark: _Toc505979454][bookmark: _Toc506484475]It may occur that the beam which is used for RA is experiencing high load resulting in that the gNB is unable to handle the UEs’ RA attempts and instead sends a BI to the UEs. The UE performs back-off and continues to use the same beam which leads to an unnecessary long latency.
1. [bookmark: _Toc501576378][bookmark: _Toc503352902][bookmark: _Toc503353911][bookmark: _Toc503376684][bookmark: _Toc503429735][bookmark: _Toc503460879][bookmark: _Toc505606524][bookmark: _Toc505606540][bookmark: _Toc505606654][bookmark: _Toc505979457][bookmark: _Toc505981394][bookmark: _Toc506484476]Upon reception of a BI the UE may switch to another beam/SSB which is above the ssb-Threshold.
When a UE switches to a new SSB upon reception of a BI on the old SSB, the UE ignores the received BI since it is related to the old SSB, so the UE can directly start to transmit a preamble on the new other SSB. At the same time, if the UE does not receive the RAR on the new SSB, the UE shall not switch back to the old SSB before the backoff timer on the old SSB has expired. In this way, the UE must support SSB specific backoff timer to keep track of the backoff operations per SSB.
1. [bookmark: _Toc505606525][bookmark: _Toc505606541][bookmark: _Toc505606655][bookmark: _Toc505979458][bookmark: _Toc505981395][bookmark: _Toc506484477]Support SSB specific backoff timer if UE can switch to another SSB upon reception of a BI on the current SSB.
1. [bookmark: _Toc505981396][bookmark: _Toc506484478]Adopt the text proposal below in the MAC spec.
Text proposal
[bookmark: _Toc502437794][bookmark: _Toc502437792]This text proposal is written on top of Running CR as found in R2-1801546.
5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if 'multiple Random Access Preamble transmission' has been signalled:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the first Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running.
1>	else if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindowBFR at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindowBFR is running.
1>	else:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission is received from lower layers; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a Backoff Indicator subheader:
3>	if SSBs are mapped to Random Access Preambles:
4>	for the SSB corresponding to the transmitted Random Access Preamble, set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1;
3>	else:
34>	set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for the SI request to upper layers.
3>	else:
4>	if 'multiple Random Access Preamble transmission' has been signalled:
5>	stop transmitting remaining Random Access Preambles, if any.
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep).
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:
1>	if ra-ResponseWindowBFR expires and if the PDCCH addressed to the C-RNTI has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers.
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if in this Random Access procedure, the Random Access Preamble was selected by MAC among the contention-based Random Access Preamble:
3>	if SSBs are mapped to Random Access Preambles:
4>	for the SSB corresponding to the transmitted Random Access Preamble, select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
4>	delay the subsequent Random Access Preamble transmission on this SSB by the backoff time.
3>	else:
34>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
34>	delay the subsequent Random Access Preamble transmission by the backoff time.
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.
Conclusions
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	It is not efficient to leave for UE implementation on how to select the SSBs for RA access.
Observation 2	It may occur that the beam which is used for RA is experiencing high load resulting in that the gNB is unable to handle the UEs’ RA attempts and instead sends a BI to the UEs. The UE performs back-off and continues to use the same beam which leads to an unnecessary long latency.

Proposal 1	Upon reception of a BI the UE may switch to another beam/SSB which is above the ssb-Threshold.
Proposal 2	Support SSB specific backoff timer if UE can switch to another SSB upon reception of a BI on the current SSB.
Proposal 3	Adopt the text proposal below in the MAC spec.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
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