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1. Introduction
In this contribution, we propose the NR Rel-16 TEI for RACH configuration considering TDD configuration for FR1.

2. Issue of RACH configuration considering TDD configuration for FR1
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” configurations in the table are 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 frame boundary offset between LTE and NR. When RACH configuration table was defined, 3ms and/or 4ms dl-UL-TransmissionPeriodicity was not taken into account, and hence Subframe number in 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 config 2 without frame boundary offset between NR and LTE as shown in Fig.1. This NR TDD pattern consists of TDD configuration pattern1: “DDDSUU” with 3ms periodicity and TDD configuration pattern2: “DDDD” with 2ms periodicity.

[image: ] 
Figure 1: TDD configuration for NR and LTE

It was possible to achieve DL/UL timing alignment between NR and LTE without introducing 3ms and 4ms periodicity values if the frame boundary offset between LTE and NR is applied (i.e., with 2ms frame boundary offset between LTE and NR, NR TDD pattern would be “DDDDDDDSUU” with 5ms periodicity). However, since it is beneficial to align frame boundary between LTE and NR considering following aspects, actually 3ms and 4ms periodicities were introduced.
· Dynamic spectrum sharing (DSS)
· In case that frame boundary timing is different between LTE and NR, operation and configuration for DSS would be too complex considering LTE and NR coordination, e.g., for dynamic spectrum sharing and resource coordination on refarming band. NW may need additional implementation due to frame boundary offset between LTE and NR.
· Multiple NW vendors
· From operator’s perspective, coordination among multiple NW vendors needs to be considered. The function for indication of the frame boundary offset between LTE and NR has not been specified, and hence the function is up to NW implementation. Thus, in case that frame boundary timing is different between LTE and NR, it is difficult to coordinate between multiple NW vendors.
· Inter-carrier coordination
· In general, operators in a country need to align DL/UL timing in order to avoid cross-link interference between adjacent carriers.  Even if the frame boundary offset between LTE and NR is applied in a certain band, it would be difficult to apply same NR frame boundary timing in every band considering inter-operator alignment. Therefore, in such case, CA without frame boundary alignment is necessary, and it requires optional UE capability as discussed at RAN#85 and additional NW implementation especially for cross-carrier scheduling.
· For future features
· Alignment of frame boundary between LTE and NR as well as between NR carriers would be necessary/helpful for features introduced in future, e.g., eDRX.

Considering the above benefits of frame boundary alignment between LTE and NR (as well as drawbacks of applying frame boundary offset between LTE and NR) and the specification of “DDDSUUDDDD” as reference TDD configuration for RAN4 test, TDD configuration of “DDDSUUDDDD” in Fig.1 should be considered as one of important TDD configurations.

Observation 1: TDD configuration “DDDSUUDDDD” should be considered as one of important TDD configuration because of following reasons.
· Actually 3ms and 4ms for dl-UL-TransmissionPeriodicity were introduced to support TDD pattern alignment with LTE TDD config 2 without applying frame boundary offset between LTE and NR.
· There are multiple benefits of frame boundary alignment between LTE and NR, i.e., drawbacks of applying frame boundary offset between LTE and NR, in terms of DSS, Multiple NW vendors, Inter-carrier coordination and so on.
· The RAN4 test specification defines “DDDSUUDDDD” as reference TDD configuration.

If TDD configuration of “DDDSUUDDDD” is applied, there is an issue on RACH configuration. For example, assuming preamble format 0 and RACH config period of 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 of “DDDSUUDDDD”, since “Subframe number” needs to be 2 or 7, these RACH configuration entries in Table 1 cannot be used. In other words, only RACH configuration entries with 10ms of RACH configuration period can be used, and it is a strong restriction for operation. 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 would occur.
In addition, TDD configuration of “DSUDD” with 15 kHz SCS can be used especially for refarming band, so that NR can easily cooperate with LTE, e.g., DSS, and the refarming can be proceeded smoothly. In such TDD configuration, RACH configuration period other than 10ms cannot be applied, even though the TDD configuration is completely same as LTE TDD config 2.

Table 1: Part of RACH configuration tablefor 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 LTE, 20ms of RACH configuration period could be applied in case of preamble format 0 and LTE TDD config 2. However, in NR, 20ms of RACH configuration period cannot be applied in case of same preamble format 0 and same TDD configuration as LTE TDD config 2. From that aspect, since NR degrades from LTE, it is serious problem especially on refarming band.
Therefore, Rel-16 TEI should resolve the issue that RACH configuration period is only 10ms in some TDD configurations e.g., as shown in Fig1. In Rel-16 TEI, a mechanism which enables RACH configuration period(s) more than 10ms in case that DL/UL timing and frame boundary of NR are aligned with those of LTE should be supported.

Proposal 1: In Rel-16 TEI, a mechanism which enables RACH configuration period(s) more than 10ms in case that DL/UL timing and frame boundary of NR are aligned with those of LTE i.e., in case of “DDDSUUDDDD”, should be supported.


3. Discussion on possible solutions
In order to resolve the issue described in section 2, i.e., support RACH configuration period more than 10ms in case of using “DDDSUUDDDD” in NR, following alternatives can be considered.
· Alt1: gNB can indicate subframe number offset and RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added

Observation 2: In order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”, following alternatives can be considered.
· Alt1: gNB can indicate subframe number offset and additional RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added

Alt1 and Alt2 have larger impact on the UE implementation and the specification, compared with Alt3 and Alt4. Also, Alt4 may have a problem in case of the cell on which Rel-15 UE and Rel-16 UE coexist, because the same PRACH configuration index is indicated to Rel-15 UE and Rel-16 UE in Alt4. In such case, actual RACH configuration to be used is different between Rel-15 UE and Rel-16 UE when the PRACH configuration index with modified entry for Rel-16 is configured, and NW may not be able to configure the original RACH configuration which is modified for Rel-16 UE. Hence, which/how existing entries are modified for Rel-16 UE should be carefully investigated. On the other hand, in Alt3, the different PRACH configuration index can be indicated to Rel-15 UE and Rel-16 UE separately, and appropriate PRACH configuration index can be indicated to Rel-15 UE and Rel-16 UE respectively based on NW operation. In addition, in Alt3, the Rel-16 UE behavior is same as Rel-15 UE unless RRC signaling for Rel-16 UE is indicated. Therefore, Alt3 should be selected in order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”.

Observation 3: Alt1 and Alt2 have larger impact on the UE implementation and the specification, compared with Alt3 and Alt4. Also, Alt4 may have a problem in case of the cell on which Rel-15 UE and Rel-16 UE coexist.
Proposal 2: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE.

The details of Alt3 is described below, and the details of other alternatives including possible text proposals are shown in [4].
· Alt3
In Alt3, new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE. Alt1 and Alt2 have impact on all entries of RACH configuration table. On the other hand, Alt3 has impact only on new several entries of RACH configuration table and should have smaller UE implementation impact. For new several entries, we should focus on what companies require. From our perspective, candidate new entries are shown in Table 2. When these entries is introduced, the index for new entries in Table 2 can be indicated by 3bit RRC signalling, e.g., prach-ConfigurationIndexNew. Note that signaling details is up to RAN2. Also, the TP for Alt3 is in Appendix A.

Table 2: Example of Alt3 in Random access configurations for FR1 and unpaired spectrum
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0



Proposal 3: Following new RACH configuration entries are added into “Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum” in TS 38.211. The TP in Appendix A should be applied.
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0




Accordingly, the benefit on RACH resource overhead reduction thanks to longer RACH periodicity can be obtained mainly in case that all UEs in a cell(carrier) are Rel-16 or later release UEs. In that case, gNB can configure RACH occasions with long periodicity that are aligned with some additional TDD configuration, and RACH resource overhead can be reduced. For example, such cell(carrier) can be considered for new NR bands which an operator starts to operate in future, and only Rel-16 or later release UEs exist in the cell. Also, even for existing NR bands, in some operators, all Rel-15 UE may be NSA mode. In that case, all UEs in the cell with SA operation should be only Rel-16 or later release UEs. In addition, another possible case is closed network, where the management of UEs would be easier and all UEs in the closed network can be Rel-16 or later release UEs. Based on the above several cases, the benefit when all UEs in a cell(carrier) are Rel-16 or later release UEs should be very important.
On the other hand, in case of the cell on which Rel-15 UE and Rel-16 UE coexist, it depends on NW whether configured RACH occasions are (partially) shared or separated between Rel-15 UE and Rel-16 UE. For example, gNB can configure RACH occasions for Rel-16 UE that partially overlaps with RACH occasions for Rel-15 UE in time domain, as shown in Fig.2. Assuming that gNB configure two FDMed RACH occasions for Rel-15 UE and Rel-16 UE, these two FDMed RACH occasions must exist on every RACH time instance without our proposal, i.e., 10ms RACH periodicity, as shown in Fig.3. On the other hand, if our proposal is applied, gNB can configure one FDMed RACH occasion with 10ms periodicity for Rel-15 UE and one FDMed RACH occasion with 20ms periodicity for Rel-16 UE, depending on the penetration rate of UEs, as shown in Fig.4. Consequently, in such case, 25% RACH resource overhead reduction gain can be obtained by our proposal.
Furthermore, if frequency resources of RACH occasion for Rel-15 UE and Rel-16 UE are same as well, Rel-16 RACH resource with long periodicity is fully a subset of Rel-15 RACH resource in time and frequency domain. In such case, the benefit can be obtained by gNB operation. One is interference reduction against neighbor cell. RACH transmission in RACH occasion for only Rel-15 UE may cause small interference against UL on the same resource as such RACH occasion on neighbor cell. Also, if NW considers the RACH occasions for only Rel-15 UE can be deprioritized, depending on the penetration rate of Rel-15 UEs, gNB may not try to receive the preamble on such RACH occasions and may schedule PUSCH on such resources instead of RACH occasions.
[image: ]
Figure 2: Partially overlapped RACH occasions for Rel-15 UE and Rel-16 UE in time domain

[image: ] Figure 3: Allocation of FDMed RACH occasions without our proposal

[image: ] Figure 4: Allocation of FDMed RACH occasions with our proposal

Regarding the SSB-RO association, SSB-RO association should be aligned between Rel-15 UE and Rel-16 UE by gNB configuration. Our proposal is for FR1, and hence all SSBs are likely to map one RACH time instance (i.e., FDMed ROs), and in such case, the SSB-RO association should be same between Rel-15 UE and Rel-16 UE. The maximum number of FDMed ROs is 8, and can cover the maximum number of SSBs.

4. Conclusion
In this contribution, the NR Rel-16 TEI for RACH configuration considering TDD configuration was discussed. Based on the discussion, the following observations and proposals were made:
Observation 1: TDD configuration “DDDSUUDDDD” should be considered as one of important TDD configuration because of following reasons.
· Actually 3ms and 4ms for dl-UL-TransmissionPeriodicity were introduced to support TDD pattern alignment with LTE TDD config 2 without applying frame boundary offset between LTE and NR.
· There are multiple benefits of frame boundary alignment between LTE and NR, i.e., drawbacks of applying frame boundary offset between LTE and NR, in terms of DSS, Multiple NW vendors, Inter-carrier coordination and so on.
· The RAN4 test specification defines “DDDSUUDDDD” as reference TDD configuration.
Proposal 1: In Rel-16 TEI, a mechanism which enables RACH configuration period(s) more than 10ms in case that DL/UL timing and frame boundary of NR are aligned with those of LTE i.e., in case of “DDDSUUDDDD”, should be supported.
Observation 2: In order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”, following alternatives can be considered.
· Alt1: gNB can indicate subframe number offset and additional RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added
Observation 3: Alt1 and Alt2 have larger impact on the UE implementation and the specification, compared with Alt3 and Alt4. Also, Alt4 may have a problem in case of the cell on which Rel-15 UE and Rel-16 UE coexist.
Proposal 2: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE.
Proposal 3: Following new RACH configuration entries are added into “Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum” in TS 38.211. The TP in Appendix A should be applied.
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0
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Appendix A: Text proposal for Alt3
TS 38.211
6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time resources determined given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104].
For Table 6.3.3.2-3,
-	if the UE is provided the higher-layer parameter prach-ConfigurationIndexNew, random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndexNew according to Tables 6.3.3.2-3. 
-	otherwise random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-3.
For Table 6.3.3.2-2 or 6.3.3.2-4, random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-2 or 6.3.3.2-4.
Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-FrequencyStart. The PRACH frequency resources , where  equals the higher-layer parameter msg1-FDM, are numbered in increasing order within the initial uplink bandwidth part during initial access, starting from the lowest frequency. Otherwise,  are numbered in increasing order within the active uplink bandwidth part, starting from the lowest frequency.
(omit)
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	0
	0
	16
	1
	9
	0
	-
	-
	0

	1
	0
	8
	1
	9
	0
	-
	-
	0

	2
	0
	4
	1
	9
	0
	-
	-
	0

	3
	0
	2
	0
	9
	0
	-
	-
	0


(omit)
	253
	A3/B3
	1
	0
	3,4,8,9
	0
	2
	2
	6

	254
	A3/B3
	1
	0
	1,3,5,7,9
	0
	1
	2
	6

	255
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	2
	6

	256
	0
	16
	1
	7
	0
	-
	-
	0

	257
	0
	8
	1
	7
	0
	-
	-
	0

	258
	0
	4
	1
	7
	0
	-
	-
	0

	259
	0
	2
	0
	7
	0
	-
	-
	0

	260
	0
	2
	1
	7
	0
	-
	-
	0

	261
	0
	2
	0
	2
	0
	-
	-
	0

	262
	0
	2
	1
	2
	0
	-
	-
	0


(omit)
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