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1. Introduction
In this contribution, we propose the NR Rel-16 TEI for RACH configuration considering TDD configuration.

2. Discussion 
In Rel-15, RACH configuration table for FR1 and unpaired spectrum was specified in table 6.3.3.2-3 in TS 38.211 [1]. However, “Subframe number” the table includes is not sufficient considering some TDD configuration. 
3ms and 4ms as dl-UL-TransmissionPeriodicity were introduced [2] after the RACH configuration table was defined. The motivation of introducing these periodicities is to align NR TDD configuration with LTE TDD configuration with 5ms periodicity, e.g., LTE TDD configuration 1, 2 without requiring subframe shift between LTE and NR. When RACH configuration table was defined, 3ms and/or 4ms dl-UL-TransmissionPeriodicity was not taken into account, and hence Rel-15 RACH configuration table, with RACH configuration period greater than 10ms, is not appropriate for such TDD configuration.

For example, “DDDSUUDDDD” of TDD configuration pattern for FR1 and 30kHz SCS was specified in table A.1.2-2 in TS38.101-4 [3]. The benefit of this pattern is to align NR TDD pattern with LTE TDD pattern as shown in Fig.1. This TDD pattern consists of TDD configuration pattern1: “DDDSUU” with 3ms periodicity and TDD configuration pattern2: “DDDD” with 2ms periodicity.
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Figure 1: TDD configuration for NR and LTE

It was possible to achieve TDD pattern alignment between NR and LTE without introducing 3ms and 4ms periodicity values if the subframe shift between LTE and NR is applied (i.e., in such case NR TDD pattern would be “DDDDDDDSUU” with 5ms periodicity).  However, it is beneficial to align absolute subframe number between LTE and NR considering following aspects, and actually 3ms and 4ms periodicities were introduced.
· Simplicity
· In case absolute subframe number is different between LTE and NR, operation and configuration are too complex, considering LTE and NR coordination, e.g., for dynamic spectrum sharing and/or resource coordination. NW may need additional implementation in order to support subframe shift between LTE and NR.
· For future features
· Alignment of absolute subframe number, i.e., SFN alignment between LTE and NR would be necessary/helpful for features introduced in future, e.g., eDRX.

There is an issue on RACH configuration based on TDD configuration in Fig.1. For example, assuming preamble format 0 and RACH config period is 20, 40, 80 or 160 ms, “Subframe number” in the table can be only 4 or 9 as shown in Table 1. In case of TDD configuration in Fig.1, since “Subframe number” needs to be 2 or 7, these PRACH configuration entries in Table 1 cannot be used. In other words, only 10ms of RACH configuration period can be used, and it is a strong restriction in future. In addition, even for other preamble formats, only limited subframe numbers mainly including subframe 9 are supported in case of RACH configuration period more than 10ms, and hence the same issue occurs.

Table 1: Part of RACH configuration table for FR1 and unpaired spectrum in TS 38.211
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
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	0
	0
	16
	1
	9

	1
	0
	8
	1
	9

	2
	0
	4
	1
	9

	3
	0
	2
	0
	9

	4
	0
	2
	1
	9

	5
	0
	2
	0
	4

	6
	0
	2
	1
	4



In order to resolve above issue, we propose that gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16. RRC parameter value is that prach-ConfigurationIndexAlt-r16: (0, 1, … , 255) and prach-SubframeOffset-r16: (1, 2, … , 9).
UE behavior based on our proposal is following:
· If Rel-16 UE is indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndexAlt
to choose index from RACH configuration table (RACH configuration table is same as Rel-15)
· If Rel-16 UE is indicated prach-SubframeOffset, all RACH occasions is shifted based on the value of prach-SubframeOffset, i.e., the UE determines Subframe number(s) by [(Subframe number(s) in RACH configuration table + prach-SubframeOffset) mod 10]
· If Rel-16 UE is not indicated prach-SubframeOffset, all RACH occasions is not shifted, i.e., subframe number offset is zero
· If Rel-16 UE is not indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndex to choose index from RACH configuration table (Same behavior as Rel-15 UE)

Proposal 1: gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16.
· RRC parameter value is:
· prach-ConfigurationIndexAlt-r16: (0, 1, … , 255)
· prach-SubframeOffset-r16: (1, 2, … , 9)

Proposal 2: UE behaviour is following:
· If Rel-16 UE is indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndexAlt
to choose index from RACH configuration table (RACH configuration table is same as Rel-15)
· If Rel-16 UE is indicated prach-SubframeOffset, all RACH occasions is shifted based on the value of prach-SubframeOffset, i.e., the UE determines Subframe number(s) by [(Subframe number(s) in RACH configuration table + prach-SubframeOffset) mod 10]
· If Rel-16 UE is not indicated prach-SubframeOffset, all RACH occasions is not shifted, i.e., subframe number offset is zero
· If Rel-16 UE is not indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndex to choose index from RACH configuration table (Same behavior as Rel-15 UE)

Note that all subframe numbers for a certain RACH configuration index are shifted based on the value of prach-SubframeOffset when there are more than one subframe number for the RACH configuration index.
Note that all other configurations than Subframe number which are indicated by RACH configuration index, e.g., starting symbol, are same for a certain RACH configuration index if Rel-16 UE is indicated prach-ConfigurationIndexAlt.

Our proposal enables more flexible RACH configuration with RACH configuration period greater than 10ms. In addition, our proposal can be beneficial even for 10ms of RACH configuration period, since it makes it possible to have different configuration, e.g., starting symbol, for different subframe number, e.g., RACH configuration index 157 or 161.

In case that all UEs in a cell are Rel-16 or later release UEs, gNB can configure RACH occasions with long periodicity more flexibly to be aligned with various TDD configuration, and RACH resource overhead can be reduced by our proposal. For example, such cell can be considered for closed network, since the management of UEs would be easier. Also, another possible case is, in some operators, all Rel-15 UE may be NSA mode. In that case, all UEs in the cell with only SA operation should be Rel-16 UEs.
In case of the cell on which Rel-15 UE and Rel-16 UE coexist, RACH resource overhead can be reduced by our proposal and gNB implementation. gNB can configure RACH occasions for Rel-16 UE such that overlaps with RACH occasions for Rel-15 UE in time domain, as shown in Fig.2. In that case, Rel-16 RACH resource is a subset of Rel-15 RACH resource, with long periodicity, and RACH resource overhead does not unnecessarily increase. Note that it depends on NW whether configured RACH occasions are (partially) shared or separated between Rel-15 UE and Rel-16 UE.
In addition, the resources used for RACH on the neighbor cell may not be used as PUSCH resource on the serving cell considering interference from PUSCH. Based on our proposal, the resources used as RO for only Rel-15 UE on the neighbor cell can be used as PUSCH resource on the serving cell, expecting retransmission with power ramping, if NW considers the ROs for only Rel-15 UE can be deprioritized. In that case, usable PUSCH resource can be increased.
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Figure 2: RACH occasion allocation in the cell on which Rel-15 UE and Rel-16 UE coexist

Regarding SSB-RO association, in case that one RACH time instance including FDMed RO(s) can cover the mapping from all SSBs, the SSB-RO mapping difference between Rel-15 UE and Rel-16 UE does not matter. Such case would be commonly used for FR1 and unpaired spectrum. In other cases, the mapping issue can be resolved by NW, including separated RO configurations between Rel-15 UE and Rel-16 UE.

3. Conclusion
[bookmark: _GoBack]In this contribution, the NR Rel-16 TEI for RACH configuration considering TDD configuration was discussed. Based on the discussion, the following proposals were made:
Proposal 1: gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16.
· RRC parameter value is:
· prach-ConfigurationIndexAlt-r16: (0, 1, … , 255)
· prach-SubframeOffset-r16: (1, 2, … , 9)

Proposal 2: UE behaviour is following:
· If Rel-16 UE is indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndexAlt
to choose index from RACH configuration table (RACH configuration table is same as Rel-15)
· If Rel-16 UE is indicated prach-SubframeOffset, all RACH occasions is shifted based on the value of prach-SubframeOffset, i.e., the UE determines Subframe number(s) by [(Subframe number(s) in RACH configuration table + prach-SubframeOffset) mod 10]
· If Rel-16 UE is not indicated prach-SubframeOffset, all RACH occasions is not shifted, i.e., subframe number offset is zero
· If Rel-16 UE is not indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndex to choose index from RACH configuration table (Same behavior as Rel-15 UE)
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