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1 Introduction
During RAN1#92 [1] and RAN1 AH1801 [2] meetings, following agreements were made regarding UE processing time and RACH procedure related delay: 
Agreements:
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS

· Duration of N1 + duration of N2 + L2 + TA

· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1

· N2 also refers to the value determined in control session with UE capability #1

· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3

· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing

· L2=500us as a working assumption

· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.
· Confirm the working assumption that L2 = 500us as the MAC processing latency during RACH procedure.

· For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions for all capabilities under the same SCS.

In this document, we discuss the time gap for TA adjustment when 6 bits TA command is carried by MAC-CE in PDSCH. Furthermore, PRACH resource and RACH configurations with bandwidth part (BWP) operation and reception of Msg2 when multiple SS/PBCH blocks are associated with one RACH occasion are discussed. 
2 Timing Advance (TA) adjustment delay 

In current specification 3GPP TS 38.213 [3], the uplink transmission adjustment delay is defined as ‘For a timing advance command received on slot
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, the corresponding adjustment of the uplink transmission timing applies from the beginning of slot
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’. 
However, the above description is from the LTE, the definition of time gap for TA adjustment is not suitable in NR considering the UE capability and different numerologies. In LTE, the time gap of TA adjustment is based on slot level. In NR, non-slot level transmission is supported, so the time gap of TA adjustment in NR should be based on symbol level.

Proposal 1: The time gap of TA adjustment should be symbol level.

In the last meeting [4], the minimum time gap for TA adjustment has been discussed and the offline conclusion was made as following:

	The minimum time gap between the reception of 6 bit TA command - conveyed through PDSCH - and the corresponding adjustment of the uplink transmission timing, when PDSCH and uplink transmission have the same SCS, is given by the following equation:

· Alt 1: Duration of N1 + duration of N2 + L2

· Alt 2: max{1 ms, Duration of N1 + duration of L2 + TA_new}

· Alt 3: Duration of N1 + duration of N2 + duration of L2 + TA_new

· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability

· N2 also refers to the value determined in control session and depends on UE capability

· L2 refers to the MAC processing latency and is equal to 0.5 msec.

· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.”


There are two types of TA command, one is 12 bits carried by Msg2/RAR during RACH procedure and the other one is 6 bits carried by MAC-CE in PDSCH. The timeline of these two cases are shown is Figure 1 and Figure 2.
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Figure 1. 12 bits TA command carried by Msg2
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Figure 2. 6 bits TA command carried by MAC-CE in PDSCH

As shown in Figure 1 and Figure 2, we can get the following observations:
Observations:
· For 12 bits TA command carried by Msg2, UE can only prepare the Msg3/PUSCH after UE decodes Msg2, i.e. a serial processing. So the gap is Duration of N1+Duration of L2+ Duration of N2+TA
· For 6 bits TA command carried by MAC-CE in PDSCH, TA command carried by PDSCH and UL grant carried by PDCCH can be sent separately. UE can prepare PUSCH and decode the TA command concurrently. So duration of N2 is not needed.

Proposal 2: For 6 bits TA command carried by MAC-CE in PDSCH, the duration of N2 should not be included in the minimum time gap for TA adjustment.

So only Alt 2 should be considered among the three candidates. On the minimum of 1ms MAC-CE application, it is from the following agreements:

	Agreement:
Include in LS to RAN2 in response to R1-1800003: “These are candidate values that RAN1 is considering.”

Downlink-related:

· Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE is able to apply the QCL assumption carried by the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values which may be based on UE capability.

· For PDSCH

· Candidate values (slots): 8, 10, 20, 40, 80 (considering the minimum 10 ms periodicity for TRS in case of 80 slots) 

· For PDCCH:

· Candidate values (slots): 8, 10, 20, 40, 80 

· For SP-CSI-RS:

· Candidate values (slots): 8, 10, 20, 40, 80 

Uplink-related:

· FFS


The timeline for above agreement is shown in Figure 3, the intention of above agreement is to specify the minimum time gap for QCL assumption application. The QCL assumption application is related to hardware, e.g. adjust the spatial filter, for TA adjustment we think it is much simpler than QCL assumption application. So we think the limitation of minimum 1ms application delay is not needed. Furthermore if the limitation of minimum 1ms application delay is critical for hardware implementation, the minimum time gap for TA adjustment should be duration of N1+duration of L2+1ms+[image: image6.png]TA ...



.
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Figure 3. Timeline for QCL assumptions application

For 6 bits TA command carried by MAC-CE, the duration of N1 can be based on the UE capability which can reduce the TA adjustment delay.

Proposal 3: The minimum time gap of TA adjustment is duration of N1 +L2+[image: image9.png]TA, .



 when the 6 bits TA command is carried by MAC-CE in PDSCH

· N1 is based on UE’s capability
3 RACH configuration with BWP operation

If multiple cell-defining SS/PBCH blocks (SSBs) are transmitted on different synchronization signal frequencies within a bandwidth of a carrier by a single gNB (as shown in Figure 4), common PRACH resources and common RACH configurations associated with non-serving cell-defining SSBs from the same gNB can be configured for the UE via BWP configuration signalling. For example, UE1 in Figure 4 receives a cell-specific RACH configuration and a PRACH resource configuration from SystemInformationBlockType1 (SIB1) in the initial active BWP (BWP1) during initial cell selection procedure. After RRC connection set-up, UE1 is configured with BWP1, BWP2, and BWP3, and switches to BWP2 which is the current active BWP. Along with configuration of BWP2, UE may be configured with another cell-specific PRACH resources associated with cell-defining SSB2. Then, UE does not have to change the active UL/DL BWP to perform RACH, and common PRACH resources within the bandwidth of the BWP2 can be more efficiently utilized. Note that from ASN.1 signalling perspective, this configuration is already supported.  


Proposal 4: RAN1 supports to configure UE with a different common PRACH/RACH configuration in each BWP. 
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Figure 4 Illustration of SSB transmissions and RACH configurations in a wideband carrier.
4 Reception of Random Access Response (RAR)
When more than one SSBs are associated with one RACH occasion and the gNB detects multiple RACH preambles associated with different SSBs in the RACH occasion, gNB may either 1) include all the detected preambles IDs and corresponding RAR messages in a single MAC PDU and perform multiple PDSCH transmissions for the same transport block (TB) with different Tx beams or 2) generate different smaller size RAR MAC PDUs based on the associated SSBs and transmit each PDSCH carrying a different TB with a different Tx beam. Formation of RAR MAC PDU(s) and corresponding PDSCH transmission schemes are up to gNB implementation. From UE’s perspective, UE should not assume that RA-RNTI PDSCHs associated with different SSBs have the same TB, and should not perform soft combining of RA-RNTI PDSCHs associated with different SSBs. 
Proposal 5: UE shall not perform soft combining of RA-RNTI PDSCHs associated with different SSBs.

5 Conclusion
In summary, we have the following observation and proposals for random access procedures:
Proposal 1: The time gap of TA adjustment should be symbol level.

Observations:
· For 12 bits TA command carried by Msg2, UE can only prepare the Msg3/PUSCH after UE decodes Msg2, i.e. a serial processing. So the gap is Duration of N1+Duration of L2+ Duration of N2+TA
· For 6 bits TA command carried by MAC-CE in PDSCH, TA command carried by PDSCH and UL grant carried by PDCCH can be sent separately. UE can prepare PUSCH and decode the TA command concurrently. So duration of N2 is not needed.

Proposal 2: For 6 bits TA command carried by MAC-CE in PDSCH, the duration of N2 should not be included in the minimum time gap for TA adjustment.

Proposal 3: The minimum time gap of TA adjustment is duration of N1 +L2+[image: image12.png]TA, .



 when the 6 bits TA command is carried by MAC-CE in PDSCH

· N1 is based on UE’s capability
Proposal 4: RAN1 supports to configure UE with a different common PRACH/RACH configuration in each BWP. 

Proposal 5: UE shall not perform soft combining of RA-RNTI PDSCHs associated with different SSBs.
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