[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting AH 1801		R1-1800654
Vancouver, Canada, January 22nd – 26th, 2018

Source:	NTT DOCOMO, INC.
Title:	Remaining issues on RACH procedure
Agenda Item:	7.1.4.2
Document for: 	Discussion and Decision
[bookmark: DocumentFor]Introduction
At the RAN1#91 meeting, remaining issues regarding RACH procedure were discussed and RAN1 made a number of agreements [1]. In this contribution, we discuss on remaining issues regarding SSB-RACH occasion mapping and value of RRC parameter. In addition, UE transmit timing aspects are also discussed in this contribution.

2. SSB-RACH occasion mapping
2.1. Mapping periodicity
At the last meeting, RAN1 made following agreements [1].

	Agreements:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)



The definition of the time period, i.e., mapping periodicity, should be decided first. We can consider the mapping periodicity based on RACH configuration period, or the mapping periodicity based on SS burst set periodicity. In case of the mapping periodicity based on SS burst set periodicity, the interval between two RACH occasions associated with the same SSB is based on SS burst set periodicity. However, it does not necessarily match with SS burst set periodicity and should be based on required RACH delay rather than SS burst set periodicity. For example, it is possible that SS burst set periodicity is short for some purpose, e.g., for frequent RRM, but the interval between two RACH occasions associated with the same SSB may not need to be short. Thus, the mapping periodicity should be based on RACH configuration period.
In addition, simple definition of the mapping periodicity based on RACH configuration period is that the mapping periodicity is equal with RACH configuration period. However in such case, all actually transmitted SSBs, e.g., 64 SSBs, need to be mapped to RACH occasions within e.g., 10ms assuming that all RACH occasions are confined within 10ms irrespective of RACH configuration period. So, such mapping is difficult in many cases considering various PRACH formats, e.g., PRACH format B4 and limited number of RACH slots within 10ms. Therefore, we propose the time period, i.e., mapping periodicity is minimum integer multiple of configured RACH configuration period such that all actually transmitted SSBs can be mapped within the time period. For example, we assume 64 actually transmitted SSBs, one SSB-to-one RACH occasion mapping, 7 RACH occasions within a RACH slot, 4 RACH slots within RACH configuration period, and RACH configuration period is 20ms. In such case, 10 RACH slots containing 70 RACH occasions are needed in order to map 64 actually transmitted SSBs to RACH occasions. Because of 4 RACH slots within one RACH configuration period, 3 times of RACH configuration period, i.e., 60ms are enough to obtain 10 RACH slots for 64 SSBs. Thus, mapping periodicity is 60 ms in this example case based on our proposal as shown in Fig.1.
Proposal 1: Mapping periodicity is minimum integer multiple of configured RACH configuration period such that all actually transmitted SSBs can be mapped within the time period. For every mapping periodicity, the first actually transmitted SSB in a SSB burst set is mapped to the first RACH occasion within the period.

Also, in case of above example, actually 84 RACH occasions corresponding to 12 RACH slots are located within 60ms, and then after all actually transmitted SSBs are mapped, 20 RACH occasions remain within the mapping periodicity. We should consider how to use these remaining RACH occasions. If the mapping is continued until beginning of next RACH configuration period, number of the RACH occasions for each SSB would be different across SSBs and it is unnatural considering RACH capacity. Therefore, these remaining RACH occasions should be invalid and can be used for other purpose, e.g., data/control.
Proposal 2: Remaining RACH occasion(s) after all actually transmitted SSBs are mapped within mapping periodicity should be invalid, i.e., no SSB is mapped to remaining RACH occasion(s).
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Figure.1: example of SSB-RACH occasion mapping

3. Indication regarding preamble index and RACH occasion 
3.1. Parameters regarding preamble mapping
At the last meeting, RAN1 agreed that number of PRACH preambles per RACH occasion is fixed as 64, which is derived by logical root index and cyclic shifts of a root index. Also, bit size of parameters regarding preamble mapping were agreed [1].

	Agreements:
· The preambles contained within each RACH transmission occasion are indexed from 0 to 63, which is also used for RAPID.

Agreements:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion
· Number of CBRA preambles per SSB per RACH transmission occasion
· Maximum size for the range of values: 4 bits
· Number of SSBs per RACH occasion
· Maximum size for the range of values: 3 bits



We propose values for two parameters, number of SSBs per RACH occasion and number of CBRA preambles per SSB per RACH transmission occasion, as shown in Table I for indication of preamble mapping. Regarding parameter I (number of SSBs per RACH occasion), if the value is larger than 1, multiple SSBs are associated with single RACH occasion. If the value of parameter I is 1, single SSB is associated with single RACH occasion. If the value of parameter I is smaller than 1, single SSB is associated with multiple RACH occasions at least in frequency domain. For example, if the value of parameter I is 16, 16 SSBs can be associated with single RACH occasion. On the other hand, if parameter I is 1/4, single SSB can be associated with 4 RACH occasions, e.g., FDMed occasions. In addition, parameter II (number of CBRA preambles per SSB per RACH transmission occasion) is necessary for allocation of preamble index for CBRA and CFRA. The values of parameter II can be considered based on the values supported in LTE, but configurable values of parameter II are limited by the configured value of parameter I. Also, when parameter I is large, granularity of parameter II should be finer in order to make it flexible ratio of the number of preamble indices for CBRA to that for CFRA. Thus, configurable values of parameter II depend on configured value of parameter I as shown in Table I.
Proposal 3: NR supports following parameter values.
· Number of SSBs per RACH occasion : {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
· Number of CBRA preambles per SSB per RACH transmission occasion : 
{1, 2, 3, 4} if number of SSBs per RACH occasion = 16
{2, 4, 6, 8} if number of SSBs per RACH occasion = 8
{4, 8, 12, 16} if number of SSBs per RACH occasion = 4
{4, 8, 12, 16, 20, 24, 28, 32} if number of SSBs per RACH occasion = 2
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if number of SSBs per RACH occasion <= 1

Table I – Parameters for indication of number of preambles
	Parameter
	Value

	Parameter I:
Number of SSBs per RACH occasion
	{1/8, 1/4, 1/2, 1, 2, 4, 8, 16}

	Parameter II:
Number of CBRA preambles per SSB per RACH transmission occasion
	{1, 2, 3, 4} if parameter I = 16
{2, 4, 6, 8} if parameter I = 8
{4, 8, 12, 16} if parameter I = 4
{4, 8, 12, 16, 20, 24, 28, 32} if parameter I = 2
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if parameter I <= 1



3.2. Number of FDMed RACH occasions
The number of FDMed RACH occasions can be increased according to required RACH capacity per SSB and required number of RACH occasions for SSB mapping in case of digital/hybrid BF. According to previous discussion, we guess NR needs to support at least 1, 2 and 4 FDMed RACH occasions. In addition, the maximum number of SSBs per SS burst set is 8 for FR1 and 64 for FR2, and hence 8 FDMed RACH occasions can also be supported.

Proposal 4: NR supports following parameter values. 
· Number of FDMed RACH occasions : {1, 2, 4, 8}

4. Power ramping indicator
At the RAN2 #99bis meeting, RAN2 made following agreements [2].
	Agreements:
· A new notification, power ramping counter suspention notification, should be defined in NR for L1 to inform MAC layer of UL beam switching and SS block change for PRACH retransmission for MAC to maintain PREAMBLE_POWER_RAMPING_COUNTER.  FFS for DC case.



Also, there is following description in section 5.1.3 in TS38.321 [3].
	The MAC entity shall, for each preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SS block selected is not changed (i.e. same as the previous random access preamble transmission): 
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.



However, current specifications did not capture power ramping behaviour when UE changes its Tx beam. and we think TS38.213 should capture such behaviour since UE Tx beam selection for RACH would not be visible from MAC and higher layers. Therefore, the section 8 in TS38.213 should describe that power ramping counter suspension notification is indicated to higher layer if UE conducts UL beam switching.

Proposal 5: The section 8 in TS38.213 should capture that power ramping counter suspension notification is indicated to higher layer if UE conducts UL beam switching for PRACH retransmission.

5. UE transmit timing offset
In LTE, section 8 in TS36.211 defines NTA offset for frame structure type 1 and 2, i.e., NTA offset =0 for FDD and NTA offset =624 for TDD. At the last meeting, RAN4 discussed on values for NTA offset in NR and agreed as in Table II [4].

Table II: The Value of  [Tc]
	Duplex Mode of cell used for uplink transmission
	


	FDD in FR1 or FR2
	0 (Note)

	TDD in FR1 without LTE-NR coexistence 
	25560 (correspond to 13 µs)

	TDD in FR2
	13763 (correspond to 7 µs)

	Note: Regardless of whether LTE-NR coexistence is configured or not in FR1



Although current TS38.211 specification is almost agnostic to duplex mode, above decision i.e., different NTA offset between FDD and TDD introduces the need of FDD/TDD differentiation in UE/gNB implementation. In addition, as discussed in LTE, in case of FDD-TDD UL CA within the same TAG, special handling on NTA offset and/or NTA would be required again even in NR.
To make specification and implementation simpler, we propose to discuss on whether the same NTA offset between FDD and TDD causes any issue or not. If there is no significant issue in such case, defining common NTA offset between FDD and TDD is beneficial to achieve duplex mode agnostic operation/implementation as much as possible.

Proposal 6: RAN1 studies if there is any impact if the same NTA offset between FDD and TDD is defined.

6. Conclusion 
In this contribution, we discussed on RACH procedure for NR. We made the following proposals. 
Proposal 1: Mapping periodicity is minimum integer multiple of configured RACH configuration period such that all actually transmitted SSBs can be mapped within the time period. For every mapping periodicity, the first actually transmitted SSB in a SSB burst set is mapped to the first RACH occasion within the period.
Proposal 2: Remaining RACH occasion(s) after all actually transmitted SSBs are mapped within mapping periodicity should be invalid, i.e., no SSB is mapped to remaining RACH occasion(s).
Proposal 3: NR supports following parameter values.
· Number of SSBs per RACH occasion : {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
· Number of CBRA preambles per SSB per RACH transmission occasion : 
{1, 2, 3, 4} if number of SSBs per RACH occasion = 16
{2, 4, 6, 8} if number of SSBs per RACH occasion = 8
{4, 8, 12, 16} if number of SSBs per RACH occasion = 4
{4, 8, 12, 16, 20, 24, 28, 32} if number of SSBs per RACH occasion = 2
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if number of SSBs per RACH occasion <= 1
Proposal 4: NR supports following parameter values. 
· Number of FDMed RACH occasions : {1, 2, 4, 8}
Proposal 5: The section 8 in TS38.213 should capture that power ramping counter suspension notification is indicated to higher layer if UE conducts UL beam switching for PRACH retransmission.
Proposal 6: RAN1 studies if there is any impact if the same NTA offset between FDD and TDD is defined.
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