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1. Introduction
For Rel-15 NR WI RACH design, there are remaining issues on random access particularly for L1 RACH timing gap. The L1 RACH timing related agreements that has been reached in previous RAN1 meetings are shown in followings:
Agreements(RAN1#91):
· 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.
Agreements(RAN1#91):
· 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.

Working assumption (RAN1#92):
· Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
· Note: the reason for working assumption is due to potential concern over satisfying ITU requirement (to be checked) 
Agreements(RAN1#92):
· 	If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 + new + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· new >=0, FFS
· L2=500 usec refers to the MAC layer processing time
Agreements(RAN1#92):
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is 
· N2+BWPSwitching + Delay, 
· If BWP switching is not required, BWPSwitching =0; otherwise, BWPSwitching is up to RAN4
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· Delay includes at least MAC layer delay in initializing PRACH
· Value of Delay is FFS (to be decided in RAN1)

Based on above agreements, in this contribution, we would further focus on the remaining details on NR RACH timing issues including Msg.1 retransmission timing and Msg.3 transmission timing in case of different SCS between Msg.2 and Msg.3.

1. PRACH retransmission timing
For the L1 random access procedure, NR UE’s uplink transmission timing has not been fully defined yet. When comparing with that of LTE, NR’s specification also has to provide similar guidance for UL transmission timing on the preamble retransmission (Msg.1) and UL-SCH transport block (Msg.3) after a random access preamble transmission.
In RAN1#92, the PRACH retransmission timing has been defined after PDSCH reception associated with the RAPID during RAR window as following specification [1]:
	TS38.213 8.2 Random access response:
… (omitted)




If the higher layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the physical layer to transmit a PRACH. A minimum time between the last symbol of the PDSCH reception and the first symbol of the PRACH transmission is equal to  msec where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and .


However, regarding the minimum timing gap for the PRACH transmission, it seems there is one missing case where a UE does not receive the PDSCH with RAR message(s) of the DL-SCH transport block during RAR window. That is, current specification only addresses the case where a UE successfully detects the PDSCH but not containing the associated RAPID during RAR window for next PRACH transmission. Therefore, we need to add that missing case to the RAN1’s specification as well similar with LTE specification. Following is our text proposal for that case.
	TS38.213 8.2 Random access response:
… (omitted)








If the higher layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the physical layer to transmit a PRACH. A minimum time between the last symbol of the PDSCH reception and the first symbol of the PRACH transmission is equal to  msec where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and . If no a RAR message of the DL-SCH transport block is received in slot n, where slot n is the last slot of the random access response window, a minimum time between the last symbol of the random access response window and the first symbol of the PRACH transmission is equal to  msec where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and .



Proposal 1: Take the text proposal to complete the PRACH retransmission timing issue.

1. Message 3 transmission timing
In last RAN1 meeting, the following minimum time gap was agreed for msg3 transmission timing in case of same SCS between Msg.2 and Msg.3. And also, this agreement has been captured in the specification while RAN1 does not have the final decision on the case when Msg.2 and Msg.3 have different SCS as noted in below agreement.
	Agreements(RAN1#91):
· 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.


Therefore, it should be finalized that when Msg.2 and Msg.3 have different SCS, what minimum time gap between Msg2 and Msg3 is defined for the Msg3 transmission timing. We think the minimum time gap in case of different SCS can be defined similar way in the case of same SCS that is assuming the time duration N1+N2+L2+TA. However, the discussion points we have to focus is what SCS values are assumed for N1, N2 and TA parameters except L2 (MAC processing latency) to determine the Msg.3 transmission timing. 
Considering the similar issue on SCS of TA, the SCS for TA value could be independently determined from that of N1 and N2 in a random access procedure. And also, in order to provide more processing time for the UE, it is preferred that the SCS value for the minimum time gap is determined by the lower SCS between Msg2 and Msg3. The examples are shown in following tables: 
Table 1. SCS of both N1/N2 and TA for minimum time gap in case of different SCS (Below 6GHz)
	Msg2 SCS
	Msg3 SCS
	SCS for N1/N2 and TA

	15kHz
	30kHz
	N1/N2: 15kHz (lower SCS between Msg2 and Msg3)
TA: 30kHz (Msg3 SCS)

	30kHz
	15kHz
	N1/N2: 15kHz (lower SCS between Msg2 and Msg3)
TA: 15kHz (Msg3 SCS)



Table 2. SCS of both N1/N2 and TA for minimum time gap in case of different SCS (Above 6GHz)
	Msg2 SCS
	Msg3 SCS
	SCS for N1/N2 and TA

	60kHz
	120kHz
	N1/N2: 60kHz (lower SCS between Msg2 and Msg3)
TA: 120kHz (Msg3 SCS)

	120kHz
	60kHz
	N1/N2: 60kHz (lower SCS between Msg2 and Msg3)
TA: 60kHz (Msg3 SCS)


There could be the other ways for the determination of SCS on above parameters for the minimum time gap and if identified better than above proposed way, we can further consider that.
Proposal 2: The minimum time gap in case of different SCS between Msg2 and Msg3 should be determined by N1+N2+L2+TA. 
· The SCS of N1/N2 is determined by lower SCS between Msg2 and Msg3.
· The SCS of TA is determined by that of Msg3.

1. Multiple Msg1 in CFRA
For multiple preamble transmission, the following agreements were made:
	Agreements (RAN1 NRah2):
· 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 

	Agreements (RAN2#99):
For multiple msg1 transmissions for contention free RACH 
· A single RAR window is applied for multiple msg1 transmission.  
· The RAR window is started after transmission of the first preamble after a “offset”.  
· The UE monitors multiple RA-RNTIs.  The RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  
· Once a RAR is received, the RAR reception is considered successful, as in LTE.  The UE stops multiple preamble transmission.
· Details of RA-RNTI calculations are FFS


According to agreements above, the multiple preamble transmissions are only supported in CFRA (Contention Free Random Access). If configured, a UE can perform to transmit the multiple preambles over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RA window. Therefore, the UE has to monitor the multiple RAR (Msg.2) corresponding to the multiple preamble transmissions within a single RA window and if at least one RAR that contains a response to the preamble transmission is correctly received at the UE, then the RAR reception can be considered successful in a random access procedure.  
In this case, if the RAR is not successfully received, the new multiple preamble transmission timing based on minimum timing requirement shall be also defined similar with the case of a single preamble transmission. 

Figure 1. Timing requirement for new preamble transmission in case of multiple preambles
Assuming two preamble transmissions are configured for a contention free random access procedure, the following cases can be happened for the new preamble transmission since a UE cannot correctly receive the RAR within a RAR window as shown in Figure 1.
Table 3. Potential cases that need to transmit the new multiple preamble
	1st Msg.2
	2nd Msg.2
	Potential cases that need to transmit the new multiple preamble

	X
	X
	No any RAR is received

	O
	X
	Only one RAR among two possible RAR receptions is received but the corresponding DL-SCH transport block does not contain a response to the transmitted preamble

	X
	O
	

	O
	O
	Two (all) RAR are received within a RAR window, but the corresponding DL-SCH transport blocks does not contain a response to the transmitted preambles


Summarizing contents in Table 3, a UE is configured with the multiple preamble transmission, and if one or two (all) RAR are received, but the corresponding DL-SCH transport block does not contain a response to the transmitted preamble or if no any RAR is received, the UE shall be ready to transmit the new multiple transmission with the following minimum timing requirements:
· Alt 1. All cases in Table 3
· 
If two (all) RARs have not been successfully received in slot n (or OFDM symbol i in slot n) where the slot n is the last slot of the RAR window(end of RAR window), the UE shall, if requested by higher layer, be ready to transmit a first new preamble in  (B2 in Figure 1).
· Alt 2. 
· If two (all) RARs are received within a RAR window, but the corresponding two (all) DL-SCH transport blocks does not contain a response to the transmitted preambles,
· 
If all RARs are received without a response to the transmitted preamble and the last received RAR among all RARs is received in slot n (or OFDM symbol i in slot n) within a RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble in  (B1 in Figure 2).
· Otherwise,
· 
If two (all) RARs have not been received in slot n (or OFDM symbol i in slot n) where slot n is the last slot of the RA window, the UE shall, if requested by higher layer, be ready to transmit a first new preamble in  (B2 in Figure 1).
[bookmark: _GoBack]Regarding Alt 1, it seems be simplest way to define the minimum timing of new multiple preamble transmission when the UE does not successfully receive at least one RAR among all RARs corresponding to the multiple transmitted preambles. Because the UE may have to anyway monitor all RARs corresponding to the multiple preambles. Meanwhile, Alt 2 provides slight early minimum timing of new preamble transmission for a UE in case that the UE identifies two (all) RARs are received within a RAR window, but the corresponding two (all) DL-SCH transport blocks does not contain a response to the transmitted preambles. Moreover, it seems Alt 2 is closer to the principle of LTE. Therefore, it would be preferred to consider the Alt 2 for the minimum timing requirement if the multiple preamble transmission is configured for CFRA.
Proposal 3: For multiple PRACH transmission, the following minimum timing requirement for a new preamble transmission should be considered:
· If two (all) RARs are received within a RAR window, but the corresponding two (all) DL-SCH transport blocks does not contain a response to the transmitted preambles,
· 
If all RARs are received without a response to the transmitted preamble and the last received RAR among all RARs is received in slot n (or OFDM symbol i in slot n) within a RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble in  (B1 in Figure 2).
· Otherwise,
· 
If two (all) RARs have not been received in slot n (or OFDM symbol i in slot n) where slot n is the last slot of the RA window, the UE shall, if requested by higher layer, be ready to transmit a first new preamble in  (B2 in Figure 1).

1. Conclusion
In this contribution, we discussed on remaining details on RACH timing issue in Rel-15 NR. As a conclusion, we summarize proposals as following:
Proposal 1: Take the text proposal to complete the PRACH retransmission timing issue.
Proposal 2: The minimum time gap in case of different SCS between Msg2 and Msg3 should be determined by N1+N2+L2+TA. 
· The SCS of N1/N2 is determined by lower SCS between Msg2 and Msg3.
· The SCS of TA is determined by that of Msg3.
Proposal 3: For multiple PRACH transmission, the following minimum timing requirement for a new preamble transmission should be considered:
· If two (all) RARs are received within a RAR window, but the corresponding two (all) DL-SCH transport blocks does not contain a response to the transmitted preambles,
· 
If all RARs are received without a response to the transmitted preamble and the last received RAR among all RARs is received in slot n (or OFDM symbol i in slot n) within a RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble in  (B1 in Figure 2).
· Otherwise,
· 
If two (all) RARs have not been received in slot n (or OFDM symbol i in slot n) where slot n is the last slot of the RA window, the UE shall, if requested by higher layer, be ready to transmit a first new preamble in  (B2 in Figure 1).
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