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· The following agreement was made regarding the size of TA:
Agreements in RAN1#90b:
· Maximum size of TA command for RAR is 12 (as a working assumption) bits.
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Below we discuss the number of bits required for the agreed NR-RACH preamble formats. 
The first two rows of Table 1 illustrates the agreed PRACH formats and corresponding maximum cell radius from RAN1#AH2 and RAN1#90, for a sub-carrier spacing (SCS) of 15 kHz of the NR-RACH preamble. 
	Formats
(Use case)
	A0
(very small cell)
	A1
(small cell)
	A2
(normal cell)
	A3
(normal cell)
	B1
(small cell)
	B2
(normal cell)
	B3
(normal cell)
	B4
(normal cell)
	B4[footnoteRef:2] [2:  Preamble format with two extra OFDM symbols as Guard Period] 

(normal cell)
	C0
(normal cell)
	C2
(normal cell)

	Max. cell radius (m)
	469
	938
	2109
	3516
	469
	1 055
	1 758
	3 867
	24 570
	5 300
	9 200

	N
	3
	4
	5
	6
	3
	4
	5
	6
	9
	6
	7



[bookmark: _Ref485032021][bookmark: _Ref494360550]Table 1. Number of bits, N, needed in TA for same SCS of PRACH and MSG3
We note that the maximum cell radius for format B4 can be larger than the of 3 867 meters, if the gap after the preamble within a slot is considered. See illustration of format B4 in Figure 1, with a gap of 792+144+2048+144+2048 = 5176 samples from end of B4 to the end of the slot, which corresponds to 24 570 meters. Detection of delays larger than the length of one OFDM symbol is described in [3] together with performance evaluations with a cell radius up to 20 km (delays up to 2 OFDM symbols with SCS of 15 kHz).

[bookmark: _Ref489622393]Figure 1. Proposed NR-RACH preamble formats 
The number of bits needed for the TA (third row of the Table 1) is computed using the below formula 

where Dmax is the maximum cell radius (row 2 of Table 1),  is the velocity of light,  Ts is inverse of the SCS of the Msg3, and  denotes rounding to the closest larger integer. 
This Table 1 is only valid for a sub-carrier spacing (SCS) of 15 kHz of the NR-RACH preamble. If the SCS of the NR-RACH preamble is doubled, then the maximum cell radius is reduced by a factor of two. The number of bits needed for TA is thus a function of the SCS of the NR-RACH preamble.
In summary, we observe that the number of bits for the TA command can be formulated as a function of both the SCS of PRACH and the SCS of MSG3. 
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If we base the actual number of bits for TA both on PRACH SCS and MSG3 SCS, we obtain Table 2. When we fix PRACH SCS (=>fixed Dmax) and change MSG3 SCS (=> Ts change), we get log2(2)=1 bit extra for each doubling of MSG3 SCS (as can be seen for each column). Instead if we fix MSG3 SCS and double PRACH SCS, then there is one less bit needed (-log2(2)) as can be seen if we fix a row and go across column wise. For the diagonal elements, as the SCS for PRACH and MSG3 both changes proportionally, there is no change in the number of bits. 
	Number of bits needed
	PRACH SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 KHz
	240 KHz

	

MSG3 SCS
	15 kHz
	N
	N-1
	N-2
	N-3
	N-4

	
	30 KHz
	N+1
	N
	N-1
	N-2
	N-3

	
	60 KHz
	N+2
	N+1
	N
	N-1
	N-2

	
	120 KHz
	N+3
	N+2
	N+1
	N
	N-1

	
	240 kHz
	N+4
	N+2
	N+2
	N+1
	N



[bookmark: _Ref494361511]Table 2. Number of bits needed in TA for different SCS of PRACH and MSG3
The highlighted cells of Table 2 is what seems to be relevant for efficient resource usage. For example, it does not make sense to use a 15 kHz PRACH SCS with 240 kHz MSG3. We see that in this setup the number of bits needed is between [N-1, N+1], where N is defined in Table 1. From Table 1 and Table 2, it seems reasonable to use of TA of 5 bits (N+1 of A1 format)  for small cells use case (A0, A1, B1) and 10 bits  (N+1 of B4 extended delay use case) for rest of the short sequence formats. 
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Besides the short preamble formats A-C introduced in Table 1, there is an agreement also on the long PRACH preamble formats 0, 1, and 4, which are based on 1.25 kHz SCS, while format 3 is based on 5 kHz SCS.  These formats are similar to the LTE PRACH formats where 11 bits are used for TA. It seems reasonable to define at least as many bits for NR as was defined for LTE, in order to support at least the same cell radius in LTE and NR.
In RAN1#90b, there was discussion that the maximum size of TA should be increased from 11 to 12 to support the extremely long coverage (150 Km to 300 Km) specified as a use case in TR38.913 [1].  
With the agreement in RAN1#90b that there will be one PRACH format configured per cell, there is no issue with respect to multiplexing of RARs from different UEs. 
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A MAC PDU, SDU, CE, sub-header are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. In LTE, a MAC PDU contains a MAC sub-header and zero or more MAC RARs.  One version of MAC RAR of LTE is given below from Table 6.1.5-3 of 36.321-e10 [2]
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[bookmark: _Ref497493749]Figure 2 : MAC RAR [Table 6.1.5-3 of 36.321-e10]
[bookmark: _Hlk498582700]An octet aligned format structure similar to Figure 2 will be agreed for NR according to the discussion in RAN2 and TS 38.331. As can be seen from Figure 2, MAC RAR contains not only TA command but also UL grant, TC-RNTI, and a reserve bit. Since the decisions on the UL grant field and TC-RNTI are still pending, the number of bytes that can be saved with TA size of 5 bits is still unknown. Also, the increase of maximum TA size from 11 to 12 might have some impact of number of bytes needed in MAC RAR. Thus, it is not yet possible to conclude on the number of byte(s) that can be saved by having a TA size of 5 bits. 
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[bookmark: _Hlk497496811]This section assumes that NR follows the same design principle of LTE that MAC RAR is octet-aligned as in Figure 2. 
According to RAN1 agreements, the RAR payload contains 
· Reserve bit
· TC-RNTI
· UL grant field
· TA command
· RAPID

Assume that C-RNTI is 16 bits and UL grant is 20 bits as in LTE. Also assume 1 reserved bit such that 37 bits are needed without TA command. As there is no agreement on UL grant field and TC-RNTI as of RAN1#90b,
· A 5-bit TA would result in 42 bits and then we need 6 additional R-bits for 48 bits to make it octet-aligned. This results in a total of 7 R-bits and a total of 6 bytes for MAC RAR. 
· A 12-bit TA would result in 49 bits and then we need 7 additional R-bits for 56 bits which results in a total of 8 R-bits. Here one could argue to remove all 8 R-bits, but that would result in no difference between the two RAR variants.

However, considering the minimum operation bandwidth of NR is 4.32 MHz compared to 1.4 MHz in LTE, the UL grant size could be up to 2 more bits than LTE (depends on the RBG size) to be able to schedule the whole minimum operation bandwidth.
[bookmark: _Ref497817340]Table 3 Analysis of number of bytes required in MAC RAR with different UL grant fields
	TC-RNTI
	UL grant
	TA size
	Total Bits
	Closest Octet (in bytes)
	Total reserve bits

	16
	20
	5
	41
	6
	7

	16
	20
	12
	48
	7
	8

	16
	21
	5
	42
	6
	6

	16
	21
	12
	49
	7
	7

	16
	22
	5
	43
	6
	5

	16
	22
	12
	50
	7
	6
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In this contribution, we made the following observations:
Observation 1	Number of bits for the TA command can be a function both the SCS of PRACH and the SCS of MSG3.
Observation 2	Number of required bits for TA is 5 for small cells and 10 bits for normal cell operation and NR-RACH formats based on short sequences.
[bookmark: _GoBack]Observation 3	As one PRACH format is configured per cell, and since TA size of 5 or 12 is dependent on configured PRACH formats, multiplexing of RARs within a MAC PDU is not an issue.
Observation 4	We can save a byte irrespective of if the UL grant is between 20-22
Observation 5	As we need only 1 reserve bit for RAR, rest of the ‘Total reserve bits’ from Table 3 can be used either to increase UL grant and/or TC-RNTI

Based on the discussion in this contribution, we propose the following:
Proposal 1	Support two different TA sizes for RAR: 5 bits for PRACH formats A0, A1, and B1 (small cells); and TA size of 12 bits for rest of the PRACH formats (normal cells)
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