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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#91, the following agreements have been obtained:
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.
In this contribution, we discuss further the above agreements and its impact on the latency of the RACH procedures. 

2 [bookmark: _Ref129681832]Latency reduction between Msg2 and Msg3
In LTE, the minimum gap between Msg2 and Msg3 is fixed to 3 subframes, i.e. 3ms. For NR, the time gap between Msg2 and Msg3 is defined as duration of N1+duration of N2+L2+TA, where TA is calculated based on the maximum timing advance command value of 3846, with reference to the SCS of Msg3. The maximum TA values are illustrated in Table 1.
Table 1. Maximum TA of different SCS for TAC=3846
	SCS of Msg3
	Maximum TA (ms)

	15KHz
	2

	30KHz
	1

	60KHz
	0.5

	120KHz
	0.25



If the PDSCH and PUSCH are of the same SCS, the overall gap between Msg2 and Msg3 are illustrated in table 2. 
Table 2. Overall gap between Msg2 and Msg3
	SCS
	N1+N2+0.5ms+maximum TA (ms)

	15KHz
	4.15

	30KHz
	2.4

	60KHz
	1.77

	120KHz
	1.29


In which N1 is 8 OFDM symbols and N2 is 10 OFDM symbols according to TS 38.214. It can be concluded from table 2 that for 15 KHz, the overall gap will be 4.15 ms, which is longer than LTE 3ms. In addition, we need to consider how to meet the 20ms and 10ms CP latency requirement from ITU and 3GPP respectively [1, 2]. For the majority of the preamble formats, the supported cell radiuses are much smaller than 300 km supported by this TA, meaning the additional timing advance would lead to avoidable latency to the CP. 
To reduce this latency, it has been proposed that two TAC values are indicated, i.e. A and B satisfying B<A to UE to enable the latency reduction between Msg2 and Msg3. However, this works different from long preamble format to short preamble formats. For long preamble formats, this scheme works well, e.g. A=3846 to support 300 km cell size and B=1282 to support 100 km cell size. But for short preambles, the cell size is far from 300 km, as illustrated in Table 2. For those short preamble formats, 1282 corresponding 100 km cell size or even smaller value is enough.
Table 3: Maximum supported cell radius for short preambles with repetition/beam sweeping
	Preamble
	TCP
	TSEQ
	TGP
	Path profile
(Ts)
	Path profile
(us)
	Maximum
cell radius with repetition
(km)
	Maximum
cell radius with beam sweeping
(km)

	A
	1
	288
	4096
	0
	96
	3.13
	11
	1

	
	2
	576
	8192
	0
	144
	4.69
	33
	3

	
	3
	864
	12288
	0
	144
	4.69
	54
	4

	B
	1
	216
	4096
	72
	96
	3.13
	11
	1

	
	2
	360
	8192
	216
	144
	4.69
	32
	2

	
	3
	504
	12288
	360
	144
	4.69
	52
	2

	
	4
	936
	24576
	792
	144
	4.69
	114
	4

	C
	0
	1240
	2048
	1096
	144
	4.69
	6
	6

	
	2
	2048
	8192
	2916
	144
	4.69
	40
	10



Alternatively, the TA to calculate the minimum gap could be indicated explicitly or be figured out implicitly in Msg2, which is common for all the UEs receiving the Msg2. 
For explicit indication, Table 3 is an example of 2 bit explicit indication of the common TAC value. 
Table 4-1: Example of [2] bit common TAC value indication
	index
	TAC value
	index
	TAC(us)

	0
	480
	1
	 961

	2
	1923
	3
	3846



For implicit indication, UE can get all the TAC values of RARs contained in the same Msg2 by parsing in MAC layer all RARs contained in the same Msg2. Assuming a number of N RAR records contained in the Msg2, and the TAC indicated in the N RAR records are {TAC1, TAC2, ……, TACN}, UE can figure out the maximum value of all TACs contained in the Msg2. To avoid UE reading all the TACs, the maximum value could be restricted at TAC1. Each UE only needs to read his own TAC and TAC1, and then corresponding TA for calculating Msg2 --> Msg3 gap can be figured. As an example, if the maximum of {TAC1, TAC2, ……, TACN} corresponds to a range in the Table 4-2, the corresponding indicated TA value in the table is used for the determination of Msg2—>Msg3 gap.
Table 4-2: Example of implicit indication of common TAC value
	TAC range
	Indicated TA value for gap calculation
	TAC range
	Indicated TA value for gap calculation

	0~480
	480*TAC granularity1
	481~961
	 961*TAC granularity

	962~1923
	1923*TAC granularity
	1924~3846
	3846*TAC granularity


Note 1. The TAC granularity is 16*64 Ts for 15kHz SCS Msg3, 8*64 Ts for 30kHz SCS Msg3, 4*64 Ts for 60kHz SCS Msg3 and 2*64 Ts for 120kHz SCS Msg3 respectively.
Note that it is almost the minimum gap could achieve for the UEs, where the TAC value is determined based on the real TA values of the UEs. gNB could set the TAC value that is larger than all the TAC values of UEs under the coverage of this Msg2 beam explicitly. The gap, i.e., reference scheduling point is the same for the UEs under the same beam coverage, which is helpful for gNB scheduling for Msg3 reception. Therefore, even under the 300Km coverage scenarios, where the nearby UEs with certain beams coverage could also achieve low CP latency. 
Based on our contribution from RAN2 [3], the overall CP latency for TDD with DL-UL pattern is illustrated in Table 5:
Table 5. CP latency analysis
	
	Description
	Time (# of non-slot OFDM symbols)

	1
	Average delay due to RACH scheduling period
	1

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment) + delay for the nearest DL TTI
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) + delay for the nearest UL TTI
	Gap

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC) + delay for the nearest DL TTI
	N+1

	8
	Transmission of RRC Connection Resume (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC) + delay for the nearest UL TTI
	N+1

	10
	Transmission of RRC Connection Resume Complete
	1

	11
	Processing delay in eNB (Uu → S1-C)
	N

	
	Total delay
	10+3*N +Gap


Consider the processing capability of gNB from low to high, N=1, 4, 12 are selected. The overall latency is illustrated in table 5:
Table 6. CP latency composition illustration (Gap + others)
	Control plane latency (ms)
	15kHz SCS (N=12)
	30kHz SCS (N=12)
	15kHz SCS (N=4)
	30kHz SCS (N=4)
	15kHz SCS (N=1)
	30kHz SCS (N=1)

	M=2
(2OS non-slot)
	X+6.6
	Y+3.3
	X+3.2
	Y+1.6
	X+1.9
	Y+1

	M =4
(4OS non-slot)
	X+13.2
	Y+6.6
	X+6.3
	Y+3.2
	X+3.8
	Y+1.9

	M =14
(14OS slot)
	X+46
	Y+23
	X+22
	Y+11
	X+13
	Y+6.5


Where X and Y denote the gap based on 15 KHz and 30 KHz respectively. From Table 5, it is shown that with our proposal, the CP latency for cell central UEs can achieve 10ms as long as the processing capability of the gNB is sufficient, even for some extreme large cells. Furthermore, sufficient margin could be provided based on the real TA values of UEs.
Proposal 1: The duration of TA in the time gap between Msg2 and Msg3, N1+duration of N2+L2+TA, is indicated by Msg2 with [2] bits explicitly or figured out implicitly based on the maximum one of TACs contained in Msg2, which is common for all the UEs receiving the Msg2. 
The text proposal is given in appendix A for section 8.2 of TS 38.213.

3  for PDCCH order triggered RACH
In RAN1#92, it was agreed as following regarding the time delay between the last symbol of PDCCH order and the corresponding triggered PRACH transmission.
Agreements:
· 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)
It is still FFS regarding the Delay. When UE receives a PDCCH order, before transmitting the Msg1 on PRACH, MAC layer in the UE needs to do essential operation for RACH procedure initialization. Delay should at least include the MAC layer processing including RACH initialization.
Proposal 2: Delay in the minimum time gap between PDCCH order and Msg1 transmission equals to the time for L2, i.e. 0.5ms.

4 Conclusion
Proposal 1: The duration of TA in the time gap between Msg2 and Msg3, N1+duration of N2+L2+TA, is indicated by Msg2 with [2] bits explicitly or figured out implicitly based on the maximum one of TACs contained in Msg2, which is common for all the UEs receiving the Msg2. 
Proposal 2: Delay in the minimum time gap between PDCCH order and Msg1 transmission equals to the time for L2, i.e. 0.5ms.
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Appendix A: TP for section 8.3 of TS 38.213
---------------------------------- Start of Text Proposal ---------------------------------
<Unchanged parts omitted>







[bookmark: _GoBack]A minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE when the PDSCH and the PUSCH have a same subcarrier spacing is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214], and  is the maximum timing adjustment value that can be provided by the TA command field in the RAR.indicated in Msg2 MAC header[10, TS 38.321]. UE is not expected to receive a TAC in the associated RAR that indicates a larger TA value than  indicated by gNB. 
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
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