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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]After RAN1 NR Adhoc#3, the remaining issues of the preamble formats are:
· Confirmation the working assumption of Format3 and the short sequence length L =139
· RACH resource configurations
· Answer LS R1-1716896 from RAN4
· Answer LS R1-1715353 from RAN2
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In this contribution, we analyze the above issues and propose some solutions
2. Confirmation the working assumption
2.1 Working assumption of format 3 Ncs
The working assumption is the values marked in RED in the Ncs table.
· For format 3, use table below. 
· The values in red are working assumption
	ZeroCorrelationZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	Restricted set type A
	Restricted set type B

	0
	0
	36
	36

	1
	13
	57
	57

	2
	26
	72
	60

	3
	33
	81
	63

	4
	38
	89
	65

	5
	41
	94
	68

	6
	49
	103
	71

	7
	55
	112
	77

	8
	64
	121
	81

	9
	76
	132
	85

	10
	93
	137
	97

	11
	119
	152
	109

	12
	139
	173
	122

	13
	209
	195
	137

	14
	279
	216
	-

	15
	419
	237
	-


The alternative values discussed in NR#3 meeting are:
· For unrestricted Ncs values, the Ncs = 13 may be replaced by 28. 
· For restricted set type A/B: Ncs value of 36 is not needed
For Ncs values, the Ncs = 13 and 36 can allow the smaller cell radius use case, then they can be supported.
Proposal 1: Working assumption on format 3 Ncs table is confirmed.
2.2 Working assumption of short sequence length
In NR#3 meeting, the working assumption is that L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence.
Considering the forthcoming deadline of NR Rel15 standardization and lots of work on RACH capacity enhancement is needed, we suggest that short sequence length equals 139, and let the capacity enhancement issue to be discussed at next year.
Proposal 2: PRACH preamble sequence length equals 139 is confirmed.
3. RACH configurations
NR-PRACH parameters can be configured by the RMSI. Some parameters are similar with LTE parameters and some new parameters should be designed for NR. 
Based on the agreement of NR#3, we should define the framework to study the NR-PRACH parameters.
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols
For time interval, we suggest 5ms as the slot pattern time interval. Comparing with LTE, the RACH slot duration is smaller on account of larger SCS values. For example, there are 80 slots in one frame in case of the 120KHz RACH slot and 40 slots in half frame (5ms). Less the slot number can reduce the slot pattern overhead of signaling. But time interval less than 5ms is not convenient as the SSBs locate on the first 5ms in each 20ms. To avoid conflicting with SSBs, gNB and UE can ignore the RACH slot conflicted with the SSBs area and select next possible RACH slot. So 5ms is more suitable for NR RACH slot pattern time interval compared with 10ms and 20ms.
Proposal 3: Slot pattern time interval should be set to 5ms.

For the RACH slot pattern, two typical ways can indicate it.
Bitmap for RACH slot pattern:
· Bitmap can indicate which slot is used for RACH in a certain period. For example, in figure 1, 10 slots in the time interval, the bitmap [1000010001] indicates that slot 1, 6, 10 are allocated for RACH. The bitmap way is suitable for short preamble sequence as the preamble format will not exceed one slot. The maximum 40 bits are needed, when the time interval consists of 40 slots in case of RACH SCS=120KHz. The overhead of bitmap can also be compressed and reduced according to some frequently used methods, for example, the 10 slots pattern can be repeated 4 times to construct 40 slots pattern. While for long preamble sequence especially length equals 3ms or 3.5ms preamble format, at least 3 or 4 consecutive slots are needed, special bitmap will be considered and is not suitable for other format. We can’t get the common bitmap for all preamble formats.


Figure 1 Bitmap for RACH slot pattern
Reuse the LTE configuration table:
· The resource can be indicated by Configuration Index, Preamble Format, Density / 10ms, SFN, Subframe number etc. But as short sequence has so many preamble formats and variable SCS, the table will be much larger than LTE. So for long preamble sequence format NR shall use a LTE-like way to indicate the RACH slot pattern. This can reduce any overhead.

Proposal 4: NR shall use a bitmap-like way to indicate the RACH slot pattern for short preamble sequence format.
Proposal 5: NR shall use a LTE-like way to indicate the RACH slot pattern for long preamble sequence format.

Below we list the parameters needed in RACH configuration. There are three kinds of parameters, the first is basic preamble parameters, the second is available PRACH resources indication parameters, the last is related to the association between SSB and PRACH resources.

Basic preamble parameters:
· Preamble format (0, 1, 2, 3, A0, A1, A2, A3, B1, B2, B3, B4, C0, C2)
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) [Only for long sequence type]
· Zero Correlation Zone Configuration

Available PRACH resources within a configuration period /frequency grid can be defined as:
· Configuration period can be defined as 5ms/half frame. As the analysis above, half frame is a suitable time period for resource configuration or slot pattern time interval.
· Frequency grid can be defined as N PRACH channel bandwidth. N is the number of consecutive frequency positions on which PRACH channels are allocated (could be the same as the frequency of the SSBs in the bandwidth parts); they may or may not be consecutive. Total occupied bandwidth by PRACHs is then N*SCS*L (sequence length). 

The parameters for the available PRACH resources can be described as:
· RACH slot pattern in half frame.
· RACH slot format, the RACH slot format indicates the preamble format starting symbol index in one slot for short sequence preamble format. If the starting symbol index is conflicted with the DL symbols or guard period, then this slot should not be used for PRACH. Long sequence preamble formats are used in FDD mode, then only the all-uplink slot format is for format 0/1/2/3, In the short sequence RACH slot format, there may be 12,6,4,2 uplink symbols allocated for RACH. 12 symbols represent the UL heavy slot, 2 symbols represent DL heavy slot. 6 and 4 symbols are medium load for RACH resource. Such kinds of format are also convenient for the non consecutive RACH resource in one slot in the case of the CORESET monitoring, in the 2/4/7 symbols.
Long/Short sequence RACH slot format examples are listed in the following table:
	Number of symbols for RACH
	Preamble format combination
	Starting symbol index

	14
	Format 0/1/2/3
	0

	12
	A0A0A0A0A0A0A0A0A0A0A0A0
	2

	
	A1A1A1A1A1B1or C0C0C0C0C0C0
	2

	
	A2A2B2
	2

	
	A3B3 or C2C2
	2

	
	B4
	2

	6
	A0A0A0A0A0A0
	8

	
	A1A1B1 or C0C0C0
	8

	
	B3 or C2
	8

	4
	A0A0A0A0
	10

	
	A1B1 or C0C0
	10

	
	B2
	10

	2
	A0A0
	12

	
	B1 or C0
	12



· Period and offset of RACH half radio frame. A maximum periodicity is given, for example 20 ms. These parameters describe the periodicity of half radio frame with RACH resource and the starting point of the RACH half radio frame in period.
· Frequency index of PRACH channels in frequency domain, the real frequency offset can be deduced from the predefined rules.

Some of the RACH parameters are related to the association between SSB and PRACH resources, the details will be discussed in another contribution [1]. Below is the simple list of the related parameters.
· The number of DL signals
· [bookmark: _Ref470725228]The association time period, i.e. after how many PRACH time instances the same PRACH group is repeated.
· One value, e.g. 1, corresponds to the same PRACH groups repeating in each PRACH time instance. This configuration is useful in the case without TRP beam correspondence, i.e. there is no particular association from measurement result to PRACH time instance.
· Other values correspond to PRACH groups occurring in a subset of the PRACH time instances, e.g. every 16th PRACH time instance, which is useful for example in the case with TRP beam correspondence in an analog beamforming implementation, e.g. with 16 analog beams, i.e. measurement results are associated to subsets of PRACH time instances.
· [bookmark: _Ref470725236]The number of PRACH groups per PRACH resource
· PRACH groups on the same PRACH resource are separated by different preamble subsets.
· The number of preamble indices per PRACH group
· The subsets of preambles in the PRACH groups can be subdivided for the purpose of Msg.3 transmission resource size indication.
· The number of associations per PRACH group
· To cover many-to-one association between DL signals and PRACH groups

Proposal 6: Parameters of PRACH are configured as below:
· Preamble format 
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) 
· Zero Correlation Zone Configuration
· RACH slot pattern in half frame
· RACH slot format
· Period and offset of RACH half radio frame
· Frequency index of PRACH channels
· The association time period
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
· The number of associations per PRACH group

Proposal 7: Frequency multiplexed PRACH transmission occasions are adjacent in frequency.
4. Answers to LS from RAN2 and RAN4
In RAN1 NR Adhoc#3 meeting, we got two LSs from RAN4 (R1-1716896) and RAN2 (R1-1715353).
In RAN4 LS, RAN4 asked RAN1 to analyze the TA command step size needed to maintain UL coherence, maintain demodulation performance and UL capacity, and conclude how TA command step size map to different UL SCS.
In RAN2 LS, RAN2 asked RAN1 several questions:
Q1: What is the size of the RAPID field (Random Access Preamble Identifier)?
Q2: What is the size of the Uplink grant field?
Q3: What is the size of the Timing advance command (field TA above)?
Q4: What is RAN1's preferred size of the Temporary C-RNTI?
Q5: Does the Uplink grant in the RAR contain a HARQ process ID?
Q6: Has RAN1 agreed to add any additional fields?
The questions from RAN4 and Q3 from RAN2 are related to TA granularity, so we can answer them in this RACH format contribution, the answers to the rest of the questions are discussed in our companion contribution [2].

Q3: What is the size of the Timing advance command (field TA above)?
TA command step size needed to maintain UL coherence, maintain demodulation performance and UL capacity, and conclude how TA command step size map to different UL SCS.
[Answer]: The size of the Timing Advance Command field in RAR is 11 bits. The number of the bits is same with LTE, as the TA granularity requirement can be regarded as the proportional change with the symbol duration. 

5. Conclusions
The following proposals have been made:
Proposal 1: Working assumption on format 3 Ncs table is confirmed.
Proposal 2: PRACH preamble sequence length equals 139 is confirmed.
Proposal 3: Slot pattern time interval should be set to 5ms.
Proposal 4: NR shall use a bitmap-like way to indicate the RACH slot pattern for short preamble sequence format.
Proposal 5: NR shall use a LTE-like way to indicate the RACH slot pattern for long preamble sequence format.
Proposal 6: Parameters of PRACH are configured as below:
· Preamble format 
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) 
· Zero Correlation Zone Configuration
· RACH slot pattern in half frame
· RACH slot format
· Period and offset of RACH half radio frame
· Frequency index of PRACH channels
· The association time period
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
· The number of associations per PRACH group
Proposal 7: Frequency multiplexed PRACH transmission occasions are adjacent in frequency.
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Appendix
Possible PRACH-related parameters that are configured in the RMSI are summarized below. A preliminary guess on the number of bits is provided in brackets. A rough range on the total number of bits is 87 – 104 bits.
Actually transmitted SS/PBCH blocks 
· Actually transmitted SS/PBCH blocks (16 bits)
Preamble format parameters:
· Preamble format (4 bits)
· Subcarrier spacing (2 bits)
· Root(s) sequence index (10 bits)
· Restricted set type (none/A/B) (2 bits)
· Zero Correlation Zone Configuration (4 bits)
PRACH time and frequency parameters:
· RACH slot pattern in half frame (5~10 bits)
· RACH Slot format (2 bits)
· Period and offset of RACH half radio frame (2 bits)
· Frequency index of PRACH channels (3-4 bits)
PRACH parameters related to the association between DL signals and PRACH resources set:
· The association time period (5 bits)
· The number of PRACH groups per PRACH resource (3-5 bits)
· The number of preamble indices per PRACH group (5-6 bits)
· The number of associations per PRACH group (3-6 bits)
PRACH power control parameters:
· Received Target Power. (4 bits)
· Power ramping step (2 bits)
· Max number of transmissions (M) (> 4 bits)
· Max preamble ramping number (4 bits)
· RAR window size (6 - 10 bits)



	
image1.png
For RACH

Bitmap for slot pattern





oleObject1.bin

