3GPP TSG RAN WG1 #99			R1-1912875
Reno, Nevada, USA, 18th – 22nd Nov. 2019

Source:	NTT DOCOMO, INC.
Title:	Enhancements to initial access procedure for NR-U
[bookmark: Source]Agenda Item:	7.2.2.2.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#98bis meeting, the enhancements to initial access procedure for NR-U were discussed, and following agreements were made [1]. 
	R1-1911685	Feature lead summary 3 of Enhancements to initial access procedure	Charter Communications
Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.

Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)
· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.
· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.
· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot
· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.
· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.

Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA

Conclusion:
No new medium contention/load metrics other than channel occupancy are introduced
Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms

Agreement:
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “NR-U initial access signals and channels” agenda was endorsed [2].
	7.2.2.2.2 Initial access procedures
Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
Optimizations
· Msg1 enhancements with more opportunities in freq domain (over multiple LBT subbands) and time domain
· RRM enhancement including subband level RSSI and channel occupancy measurement



In this contribution, we discuss further on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. 

2. Discussion on enhancements to initial access procedure
2.1	Principle of NR-U DRS transmission
At the previous RAN1 meetings, the maximum number and shift granularity of actually transmitted DRS units were discussed. According to Rel-15 specification, the maximum number of SS/PBCH block transmissions within a half-frame for 5/6GHz bands should be Lmax=8. We should comply with this specification in Rel-16 NR-U. Therefore, maximum number of actually transmitted DRS units where each DRS unit contains one SS/PBCH block should be 8 within a DRS transmission window even though number of candidate SS/PBCH block transmission positions within the DRS transmission window is more than 8. 

Proposal 1: The maximum number of actual DRS unit transmissions within a DRS transmission window is 8.

The number of available REs for RMSI PDSCH is quite limited in case of DRS unit with half-slot size (i.e., 7 symbols per DRS unit). Therefore, in some cases, DRS unit with one-slot size (i.e., 14 symbols per DRS unit) will be used. Even in such case, up to 8 DRS unit transmissions within the DRS transmission window should be allowed since DRS unit size and the number of required DRS units (e.g., different beams) are totally independent. On the other hand, in Rel-15 FR1, the number of bits for a bitmap indicating actually transmitted SSBs (i.e., ssb-PositionsInBurst) is 8. In order to reuse this signalling in NR-U, following restrictions and possible modification are necessary as shown in Figure 1.
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Figure 1: Possible restrictions on DRS burst within a DRS transmission window

· Multiple non-contiguous DRS unit transmissions within a DRS transmission window are not allowed.
· Up to 8 contiguous DRS unit transmissions within a DRS transmission window is allowed for both DRS unit size of half-slot and that of one-slot.
· In case of DRS unit size of one-slot, DRS burst containing 8 DRS units spans 16 candidate SSB positions. In order to avoid extending bit size of the bitmap indicating actually transmitted SSBs e.g., like {1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0} in Figure 1 (c), we propose to have separate indication on DRS unit size i.e., whether DRS unit size is half-slot or one-slot. For the indication on DRS unit size, in case of NR-U standalone initial access, DRS unit size can be explicitly indicated as part of PDCCH-ConfigSIB1 as proposed in our companion contribution [3]. For non-standalone NR-U case, DRS unit size information can be explicitly indicated as part of serving cell configuration and measurement object.

Proposal 2: Up to 8 contiguous DRS unit transmissions within a DRS transmission window is allowed for both DRS unit size of half-slot and that of one-slot, and multiple non-contiguous DRS unit transmissions within a DRS transmission window are not allowed.
· DRS unit size information (i.e., half-slot or one-slot) is explicitly informed to UE.

For SSB position shift granularity at the start of the DRS burst after LBT success, it is preferable to align with the DRS unit size (half-slot or one-slot) in order to increase the start positions and opportunities for the SSB transmissions. Thus, we conclude following proposal.

Proposal 3: SSB position shift granularity should be aligned with the DRS unit size.

2.2	Indication of Q
At the RAN1#98bis meeting, it was agreed that if 2 bits can be found to not be necessary in the current MIB, then Q is indicated in the MIB by a serving cell. As proposed in our companion contribution [3], 2 bits of “controlResourceSetZero” and 1 bit of “searchSpaceZero” in the IE PDCCH-ConfigSIB1 in MIB may be available for NR-U and new tables for “controlResourceSetZero” and “searchSpaceZero” would be anyway necessary. Therefore, those available bits can be used for the indication of Q in MIB. 

Proposal 4: The selected value of “Q” is indicated via MIB using available bits in the PDCCH-ConfigSIB1.

2.3	Cross-SSB QCL relationship
At the previous RAN1 meetings, the serving cell timing determination and cross-SSB QCL relationship were discussed and following agreement were made.

- Values of Q: 1, 2, 4, 8
- Maximum number of PBCH DMRS sequences: 8
- QCL relationship: modulo(A, Q), where A is the PBCH DMRS sequence index

Based on the agreements, the cross-SSB QCL relationship is summarized in Fig.2. As shown in the figure, when the number of actually transmitted SSBs is 5, 6, 7, or 8 with one DRS within one-slot configuration, the same QCL value is assigned for actually transmitted SSBs which are actually not QCLed. For example, when the number of actually transmitted SSBs is 8 for one DRS within one-slot configuration, Q value of 8 may be selected and QCL of 0 is derived for the SSBs at SSB position index #0 and #8 although they are actually not QCLed (i.e., they are 1st and 5th SSB beams out of 8 SSB beams). Therefore, a mechanism of QCL derivation for any number of actually transmitted SSBs for both DRS unit size of half-slot and that of one-slot should be considered.
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Figure 2:  Summary of cross-SSB QCL relationship

One of the solutions is switching the calculations for QCL derivation based on the DRS unit size information (i.e., whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used indicated by the part of searchSpaceZero as proposed in [3]). When the DRS unit size is half-slot (i.e., all candidate SSB positions are to be used), QCL is derived by modulo(DMRS sequence, Q). On the other hand, when the DRS unit size is one-slot (i.e., only candidate SSB positions with even index are to be used), QCL is derived by modulo(SSB position index, 2 x Q) / 2.

Proposal 5: Calculations for QCL derivation should be switched based on DRS unit size information.
· Half-slot DRS unit size : QCL is modulo(DMRS sequence, Q)
· One-slot DRS unit size : QCL is modulo(SSB position index, 2xQ)/2

2.4	PDSCH rate matching around candidate SS/PBCH block resources
For PDSCH reception within NR-U DRS transmission window, UE rate matching behaviour around candidate SS/PBCH block resources should be considered. In Rel-15, UE rate matching behaviour around SS/PBCH block resources is defined in Section 5.1.4 of TS38.214 [4], and it is based on the higher layer indication of actually transmitted SS/PBCH block indices. However, in NR-U, the position of actually transmitted SS/PBCH block would be changed in different periods due to different LBT results. Therefore, we propose to consider following two alternatives.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· In this alternative, UE performs rate matching around all candidate SS/PBCH block resources within NR-U DRS transmission window. It is simple mechanism since no indication is necessary, but it is inefficient when there are candidate SS/PBCH block resources that are actually available for PDSCH within DRS transmission window.
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
· In this alternative, the rate matching indicator in DCI format 1_1 can be extended to indicate availability of candidate SS/PBCH block resources in each slot. Therefore, when SS/PBCH blocks could be transmitted in early timing within DRS transmission window, remaining candidate SS/PBCH block resources within DRS transmission window can be used for PDSCH transmission.
Alt.1 is simple and preferable considering the limited time to finalize Rel-16 NR-U specification. In addition, at the RAN1#98bis meeting, configurability of DRS transmission window duration was agreed. Therefore, the inefficiency due to rate matching around all candidate SS/PBCH block resources can be relaxed by configuring appropriate duration of DRS transmission window.

Proposal 6: UE performs rate matching around all candidate SS/PBCH block resources within DRS transmission window.

3. Discussion on enhancements to RACH procedure
Although enhancements to RACH procedure would be beneficial for NR-U, the topic is categorized as optimizations in [2]. Considering the limited time to finalize Rel-16 NR-U specification, the discussion for the topic should be revisited in later release as part of NR-U enhancements.

4. Discussion on enhancements to RRM/RLM procedures
4.1	DRS transmission window configuration for RLM
At the RAN1#98bis meeting, it was agreed to support configuration of the DRS transmission window duration of a UE’s serving cell, and granularity of the DRS duration was discussed during e-mail discussion for RRC parameters. It seems straightforward to follow the SS/PBCH block measurement timing configuration (SMTC) in Rel-15, and hence the DRS transmission window duration of 1, 2, 3, 4, 5, msec is sufficient.

Proposal 7: DRS transmission window duration is configured with 1, 2, 3, 4 or 5 msec.

4.2	RLM enhancements for IS/OOS evaluation
At the RAN1#96 meeting, following agreements were made [6]. 

	Agreement:
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



Mainly following two cases are concerned, if the mechanism to handle a missing RLM-RS due to LBT failure is not supported for NR-U.

Case 1 (OOS evaluation when T310 timer is not running): Increment of N310 counter due to the missing RLM-RS may happen, and hence T310 timer may be activated.
Case 2 (IS evaluation during activated T310 timer): Reset of N311 counter due to the missing RLM-RS may happen, and hence the radio link failure may be detected due to expiry of T310 timer.

In case 1, when the radio channel is crowded, T310 timer may be easily activated since consecutive LBT failures are expected. However, it may be reasonable since the crowded channel condition is reflected to the OOS evaluation in such case. On the other hand, in case 2, once T310 timer is activated, N311 counter may be easily reset due to the missing RLM-RS, and hence unexpected radio link failure may be detected even in a good channel condition. In order to avoid the unexpected radio link failure, the mechanism to handle a missing RLM-RS especially when T310 timer is running should be considered. Several alternatives for the mechanism are considered and listed as below. An example of OOS/IS evaluation with/without mechanism to handle the missing RLM-RS is shown in Figure 4. We note that providing information of LBT failure of RLM-RS from gNB to UE i.e., Alt.3 below is not preferable due to additional signalling overhead.

Alt.1 UE is configured with an additional threshold for RLM-RS measurement, and if the RLM-RS measurement result is lower than the threshold, UE excludes it for N311 counting (i.e., does not reset N311 counter).
Alt.2 UE measures RLM-RS and RSSI simultaneously, and if UE observes low RLM-RS quality but high RSSI (due to transmit signal from other systems), UE excludes it for N311 counting (i.e., does not reset N311 counter).
Alt.3 gNB provides information of the missing RLM-RSs, i.e., LBT failure for RLM-RS. Additional signalling overhead for the information is necessary, and hence the alternative is not preferable.
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Figure 4:  Example of OOS/IS evaluation with/without handling missing RLM-RS

Proposal 8: LBT failure should be excluded from the IS/OOS evaluation especially when T310 timer is running, and the mechanism to handle missing RLM-RS due to LBT failure is introduced based on following alternatives. 
Alt.1 UE is configured with an additional threshold for RLM-RS measurement, and if the RLM-RS measurement result is lower than the threshold, UE excludes it for N311 counting (i.e., does not reset N311 counter).
Alt.2 UE measures RLM-RS and RSSI simultaneously, and if UE observes low RLM-RS quality but high RSSI (due to transmit signal from other systems), UE excludes it for N311 counting (i.e., does not reset N311 counter).

4.3	RSSI and channel occupancy measurement/reporting configurations
At the RAN1#98bis meeting, following agreements were made [1].
	Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA



The RSSI measurement is supported mainly for estimating the presence of hidden node(s), and hence it is beneficial to perform/report RSSI measurement at each LBT sub-bands independently. Therefore, it should be possible to configure up to five RSSI measurement timing configuration for each LBT sub-bands, e.g. configuring up to five ARFCNs for the RSSI measurement.

Proposal 9: Up to five RSSI measurement timing configurations can be configured for each LBT sub-bands.

5. Conclusion
In this contribution, we discussed on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. Based on the discussion, we made following proposals.

Proposal 1: The maximum number of actual DRS unit transmissions within a DRS transmission window is 8.
Proposal 2: Up to 8 contiguous DRS unit transmissions within a DRS transmission window is allowed for both DRS unit size of half-slot and that of one-slot, and multiple non-contiguous DRS burst transmissions within a DRS transmission window are not allowed.
· DRS unit size information (i.e., half-slot or one-slot) is implicitly or explicitly informed to UE.
Proposal 3: SSB position shit granularity should be aligned with the DRS unit size.
Proposal 4: The selected value of “Q” is indicated via MIB using available bits in the PDCCH-ConfigSIB1.
Proposal 5: Calculations for QCL derivation should be switched based on DRS unit size information.
· Half-slot DRS unit size : QCL is modulo(DMRS sequence, Q)
· One-slot DRS unit size : QCL is modulo(SSB position index, 2xQ)/2
Proposal 6: UE performs rate matching around candidate SS/PBCH block resources within DRS transmission window based on either one of followings.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
Proposal 7: DRS transmission window duration should be configured with 1, 2, 3, 4, 5 msec.
Proposal 8: LBT failure should be excluded from the IS/OOS evaluation especially when T310 timer is running, and the mechanism to handle missing RLM-RS due to LBT failure is introduced based on following alternatives. 
Alt.1 UE is configured with an additional threshold for RLM-RS measurement, and if the RLM-RS measurement result is lower than the threshold, UE excludes it for N311 counting (i.e., does not reset N311 counter).
Alt.2 UE measures RLM-RS and RSSI simultaneously, and if UE observes low RLM-RS quality but high RSSI (due to transmit signal from other systems), UE excludes it for N311 counting (i.e., does not reset N311 counter).
Proposal 9: Up to five RSSI measurement timing configurations should be configured for each LBT sub-bands.
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Appendix
A.1	Proposal for upper layer parameters
An upper layer parameter proposed in this contribution is captured in the table for upper layer parameters for the initial access signals/channels proposed in [7].

Table A : Upper layer parameters for the enhancements to initial access procedure for NR-U
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	rmtc-measARFCN-r16
	ARFCN#1,
ARFCN#2,
ARFCN#3,
ARFCN#4,
ARFCN#5
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. Measurement center frequencies (in ARFCN) for inter-frequency RSSI measurement
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