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1. Introduction
At the RAN1#98 meeting, the enhancements to initial access procedure for NR-U were discussed, and following agreements were made [1]. 
	R1-1909454	Feature lead summary #1 of Enhancements to initial access procedure	Charter Communications
Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.

Conclusion:
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.

Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.

Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells
R1-1909661	Feature lead summary #2 of Enhancements to initial access procedure	Charter Communications
Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)

Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.



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.

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 number of required DRS units (e.g., different beams) are totally independent. On the other hand, in Rel-15 FR1, 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 implicitly derived by CORESET#0 configuration (e.g., whether it is 1 symbol or 2 symbols) or RMSI PDSCH resource allocation (e.g., whether RMSI PDSCH resource allocation is less than 7 symbols or more than 7 symbols) or 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 implicitly or 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 previous RAN1 meetings, how Q is indicated or determined was discussed. There are two alternatives, one is indicating Q via MIB and another is indicating Q via RMSI. One of the background of supporting RMSI is to avoid an impact on Rel-15 MIB specification including MIB payload size. On the other hand, as proposed in our companion contribution [3], 3 bits of “controlResourceSetZero” and 1 or 2 bits 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, i.e., without increase of MIB payload size. In addition, if Q is known at UE after successful PBCH decoding, candidate Type0-PDCCH monitoring occasions associated with detected SSB beam can be efficiently determined without detecting SSB at every DRS transmission window. In other words, if Q is unknown until successful RMSI decoding, UE needs to detect SSB at every DRS transmission window so that candidate Type0-PDCCH monitoring occasions associated with detected SSB within the window can be determined. Thus, we propose to indicate Q via MIB using the available bits.

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., half-slot or one-slot). When the DRS unit size is half-slot, QCL is derived by modulo(DMRS sequence, Q). On the other hand, when the DRS unit size is one-slot, 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

3. Discussion on enhancements to RACH procedure
3.1	Msg1 enhancements with more opportunities in frequency domain (over multiple LBT sub bands) and time domain
Considering LBT failure, RACH resource enhancements were discussed in NR-U SI and RAN1 identified following options. 
Opt.1 Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
Opt.2 Time-domain enhancements:
Opt.2a For connected mode UE, scheduling of PRACH resources via DCI. 
Opt.2b For idle mode UE, scheduling of PRACH resources via paging
Opt.2c Additional, new RACH resources are used immediately following detection of DRS transmission
Opt.2d Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
Opt.2e Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

In the case of coexistence with multiple other systems, available LBT sub-band(s) may vary every LBT opportunity and it may be difficult to set the PRACH resource appropriately. Additionally, an interference from a hidden node may degrade PRACH detection performance in LBT sub-band(s) where the interference exists. In order to avoid increasing the latency of RACH procedure due to such LBT failure and/or PRACH detection failure, frequency domain enhancement should be efficient when NR-U system uses multiple LBT sub-bands. 

Proposal 6: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.

For time-domain enhancement, allocating multiple PRACH resources seems inefficient since some of them may be unnecessary if PRACH could be transmitted at the first PRACH resource. In addition, dynamic scheduling of the PRACH resource within gNB-initiated COT may be realised by gNB implementation, e.g. a UE specific search space for PDCCH is allocated just prior to a configured RACH occasion, as illustrated in Fig. 3. Since this topic is categorized into an optimization, we conclude the following proposal.
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Figure 3:  Frequency and time domain enhancement of RACH occasions for NR-U.

Proposal 7: Time-domain enhancement of RACH resource is not supported in Rel-16 NR-U specification, and it may be left for the future release enhancement.

3.2	Msg 3 enhancements
At the RAN1#97 meeting, following agreement for Msg3 enhancement was made [4].
	Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.



As well as RACH occasions, an LBT failure and/or Msg3 detection failure during Msg3 process is concerned for NR-U, and hence COT sharing between Msg2 and Msg3 and multiple Msg3 Tx opportunities were discussed. As in the agreement, RAN1 agreed that LBT category for Msg3 is provided to the UE in RAR for COT sharing between Msg2 and Msg3. Since the COT sharing helps to avoid an LBT failure for Msg3 transmission and a large spec impact is concerned for multiple Msg3 Tx opportunities, the discussion on further enhancement may be left for future release enhancement.

Proposal 8: Enhancement for multiple Msg.3 transmission opportunities is not supported in Rel-16 NR-U specification, and it may be left for the future release enhancement.

4. Discussion on enhancements to RRM/RLM procedures
4.1	DRS transmission window configuration for RLM
At the RAN1#97 meeting, it was agreed that a UE may assume the RLM measurement window to be the same as the DRS transmission window, and whether and how DRS transmission window is configured to the UE is FFS. 
Since actual DRS transmission timing within a DRS transmission window would be changed according to LBT results, the UE should expect the DRS transmission for RLM measurement within the DRS transmission window. Therefore, the UE should be aware of periodicity, offset and duration of the DRS transmission window to perform DRS-based RLM. In Rel-15, serving cell SSB transmission configurations are provided to UE via ssb-periodicityServingCell and ssb-PositionsInBurst in ServingCellConfigCommon IE. For NR-U, ssb-periodicityServingCell can be reused for the indication of periodicity of DRS transmission window. Offset indication is unnecessary as in Rel-15 since DRS transmission window is confined within a half frame and UE in connected mode has already been aware of half frames containing serving cell SSBs. For the duration of DRS transmission window, ssb-PositionsInBurst cannot be used since it would indicates number/pattern of actually transmitted SSBs. Therefore, if DRS transmission window duration is configurable, new indication is necessary for NR-U, while no new indication would be necessary for DRS transmission window configuration in NR-U if DRS transmission window duration is fixed to 5ms. Since longer DRS transmission window is always beneficial to provide more DRS transmission opportunities, fixed DRS transmission window duration of 5ms would be fine so that signalling impact can also be avoided.

Proposal 9: For DRS transmission window configuration, ssb-periodicityServingCell can be reused for the indication of periodicity of DRS transmission window, and DRS transmission window duration is fixed to 5 msec.

4.2	RLM enhancements for IS/OOS evaluation
At the RAN1#96 meeting, following agreements were made [5]. 

	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.

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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[bookmark: _GoBack]Figure 4:  Example of OOS/IS evaluation with/without handling missing RLM-RS

Proposal 10: 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. Providing information of LBT failure of RLM-RS from gNB to UE 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).

4.3	RSSI and channel occupancy measurement/reporting configurations
In LTE-LAA, separate measurement window configuration for RSSI/channel occupancy (CO) measurement is configured as RMTC (RSSI measurement Timing Configuration). These measurements are supported mainly for estimating the presence of hidden nodes(s), and the RSSI/channel occupancy measurement mechanism for NR-U was agreed to be supported. There would be no need to enhance the measurement mechanism from LTE-LAA for NR-U RSSI/channel occupancy measurement, on the other hand, clarification for a measurement bandwidth and a center frequency should be considered. In Rel-15 specification, SSB based measurement is performed only on SSB bandwidth (20 PRBs), and no configurability for measurement bandwidth. Since SSB bandwidth may not be sufficient for RSSI/CO measurement bandwidth, they should be clarified, e.g. indicating the measurement bandwidth and the center frequency in the IE MeasObjectNR as shown in Fig.5.



MeasObjectNR information element
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Figure 5: Example of indication for RSSI/CO measurement bandwidth and frequency in IE MeasObjectNR

Proposal 11: The RSSI and channel occupancy measurement/reporting mechanism and configurations based on LTE-LAA should be support for NR-U. The measurement bandwidth and center frequency for RSSI/CO measurement should be clarified, e.g., by indicating the measurement bandwidth and center frequency in the IE MeasObjectNR.

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: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.
Proposal 7: Time-domain enhancement of RACH resource is not supported in Rel-16 NR-U specification, and it may be left for the future release enhancement.
Proposal 8: Enhancement for multiple Msg.3 transmission opportunities is not supported in Rel-16 NR-U specification, and it may be left for the future release enhancement.
Proposal 9: For DRS transmission window configuration, ssb-periodicityServingCell can be reused for the indication of periodicity of DRS transmission window, and DRS transmission window duration is fixed to 5 msec.
Proposal 10: 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. Providing information of LBT failure of RLM-RS from gNB to UE 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).
Proposal 11: The RSSI and channel occupancy measurement/reporting mechanism and configurations based on LTE-LAA should be support for NR-U. The measurement bandwidth and center frequency for RSSI/CO measurement should be clarified, e.g., by indicating the measurement bandwidth and center frequency in the IE MeasObjectNR.
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