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Introduction
This Tdoc is the revision of R2-1709422 where we discuss the impact of DL TX beam change, and the RA collision issue caused by beam failure recovery. 

The revisions are related to technical description regarding the impact of DL TX beam change and we also remove a proposal that we think no longer needs to be discussed. 
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Discussion
From the RAN1 liaison to RAN2, RAN1 agreed that for contention-based random access, an association between one or multiple occasion for SS Block and a subset of RACH resources and/or a subset of preamble indices is configured in RMSI.   

	 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 parameters 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).



The underlying UE behavior would be that if a UE is able to receive a SS Block 1, the UE selects a RACH occasion and/or a preamble index associated with the SS Block. When the gNB receives the preamble from the UE, the gNB knows which DL TX beam should be used to transmit RAR/Msg4. However, in RRC idle mode, if the UE changes to receive a SS Block 2 during RAR window, the UE may not be able to receive RAR. 
Figure 1(a) illustrates an example where the UE receives a SS block 1 on a DL TX beam 1 and then transmits a preamble associated with SS Block 1. In Fig. 1(b), during RAR window, the UE moves to another location where the UE is not able to receive data on the DL TX beam 1. Therefore, the UE is not able to receive the RAR. 
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Fig. 1: (a) UE transmitting a preamble associated with SS Block 1 (b) UE is unable to receive RAR.
Observation: If serving DL TX beam changes during RAR window, UE may not be able to receive RAR.
In LTE, a UE is required to monitor PDCCH for RAR after a preamble transmission. If the same procedure is applied in NR, when serving DL TX beam changes, the UE would still need to monitor PDCCH in RAR window even if it is not possible to receive RAR, which not only wastes battery energy but also incurs latency. Figure 2 illustrates an example corresponding to figure 1.
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Fig. 2: Serving DL TX beam changes during RAR window. 
Similar situation could happen for Msg4 reception. If the UE changes to receive DL TX beam 2 before contention resolution timer expires, the MAC still needs to monitor PDCCH for Msg4 during the contention resolution window even if it is not able to receive the Msg4. 
In order to reduce latency and save energy, we propose that MAC proceeds to preamble selection and transmission if serving DL TX beam changes. A text proposal is also given in section 6.
Proposal 1: In idle mode, if serving DL TX beam changes during RAR window or contention resolution window, MAC proceeds to preamble selection and transmission.  
RAN1 also agreed to support two approaches for beam failure recovery request. Accordingly, when beam failure occurs, PHY may inform MAC to start a non-contention random access procedure. That may introduce a collision problem because while MAC is performing a random access procedure, PHY may also trigger a non-contention random access procedure for beam failure recovery.
	Agreements:

· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· Support using PUCCH for beam failure recovery request transmission



When the collision problem occurs, it is unclear whether the UE should abort ongoing random access procedure and then initiate the non-contention RA for beam failure recovery, or it should continue the random access procedure. Or we just leave it to UE implementation. It is proposed to discuss if anything is needed for handle the collision issue.
Proposal 2: RAN2 should discuss the RA collision issue caused by beam failure recovery.   
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Conclusions
In conclusion, we have the following proposals. 
Observation: If serving DL TX beam changes during RAR window, UE may not be able to receive RAR.
Proposal 1: In idle mode, if serving DL TX beam changes during RAR window or contention resolution window, MAC proceeds to preamble selection and transmission.  
Proposal 2: RAN2 should discuss the RA collision issue caused by beam failure recovery.   
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Text Proposal
5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted, the MAC entity shall:

1>
if 'multiple preamble transmission' has been signalled:

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

2>
start the ra-ResponseWindowSizeTimer at the NR-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindowSizeTimer is running;
1>
else:

2>
start the ra-ResponseWindowSizeTimer at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;

Editor's note: the above if-statement can be combined since the difference is marginal.

Editor's note: The name of ra-ResponseWindowSizeTimer (which was used in LTE) can be changed later.

Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.

Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindowSizeTimer is running;

Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

1>
if a downlink assignment for this NR-UNIT 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>
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;

Editor's note: above condition can be updated further.

3>
else:

4>
if 'multiple preamble transmission' has been signalled:
5>
stop transmitting remaining preambles, if any; 

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

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 preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_RAMPING_COUNTER – 1) * powerRampingStep);

Editor's note: The yellow-highlighted part (and also Timing Advance Command) needs to confirm by RAN1 and RAN2.

5>
process the received UL grant value and indicate it to the lower layers;

4>
if ra-PreambleIndex was explicitly signalled, and it was not 0b000000 (i.e., not selected by the MAC entity):

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 the notification of DL TX beam change has been received from lower layers

2> stop ra-responseWindowSizeTimer;
2>
consider that ra-ResponseWindowSizeTimer expires;
1>
if ra-ResponseWindowSizeTimer expires, and;

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

2>
consider the Random Access Response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>
if the notification of UL TX beam change has not been received from lower layers:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: RAN2 should also get confirmation from RAN1on the notification of UL TX beam change. The name of the notification can also be discussed.

2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 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:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
delay the subsequent Random Access Preamble transmission by the backoff time;

Editor's note: again, the backoff details can be discussed later.

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

The MAC entity may stop ra-responseWindowSizeTimer (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.
5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.

Editor's note: Contention Resolution details also need to be confirmed by RAN2.

Once Msg3 is transmitted, the MAC entity shall:

1>
start ra-ContentionResolutionTimer and restart ra-ContentionResolutionTimer at each HARQ retransmission;

1>
monitor the PDCCH while ra-ContentionResolutionTimer is running;

Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

1>
if notification of a reception of a PDCCH transmission is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.

2>
else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

4>
else

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

1>
if the notification of DL TX beam change has been received from lower layers

2> stop ra-ContentionResolutionTimer;

2>
consider that ra-ContentionResolutionTimer expires;
1>
if ra-ContentionResolutionTimer expires:

2>
discard the TEMPORARY_C-RNTI;

2>
consider the Contention Resolution not successful.

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;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>
if the notification of UL TX beam change has not been received from lower layers:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: RAN2 should also get confirmation from RAN1on the notification of UL TX beam change. The name of the notification can also be discussed.

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.

2>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>
delay the subsequent Random Access Preamble transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
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