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1. Introduction
According to WID on NR-based access to unlicensed spectrum [1], the following parts should be specified:
-
Physical layer procedure(s) including [RAN1, RAN2]:
- 
Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)

- 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1)

In this paper, the enhancements to initial access related procedure are discussed based on WID guidance in the following sections.
2. Discussion
1.1. DRS transmission and detection
As discussed in our accompany paper [2], DRS will include one or more DRS unit comprising of at least one SSB and RMSI-CORESET+PDSCH. The DRS related procedures for initial access could be divided into the following steps:
· DRS transmission (gNB side)
· SSB detection (UE side)
· RMSI reception (UE side)
1.1.1 DRS transmission
In TR 38.889 [3], it is already agreed as beneficial to expand the maximum number of candidate SS/PBCH block (SSB) positions within the DRS transmission window to Y, for e.g., Y ≤ 64. In FR1, 3 LSB bits (L>=4) of a SS/PBCH block index per half frame could be determined from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For PBCH payload 
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 and the last two bits are reserved that could be used for indication of expanded candidate SS/PBCH block. Thus, in total there will be 5 bits available which could indicate at most 32 positions. For 15KHz and 30KHz, 32 candidate SSB positions corresponding to 16ms and 8ms respectively. By considering the maximum TXOP limit, 8ms and 16ms is sufficient to make sure that DRS could be transmitted even in a crowded environment with high probability. Therefore, we propose Y={16, or 32} for 15KHz SCS and Y=32 for 30KHz SCS. However, as mentioned in our accompany paper [2], DRS transmission window is better to be configurable in different environment by considering reduction of UE search complexity. The maximum configurable DRS transmission window duration is Y SSB duration, e.g. 8ms for 30KHz. Then the following proposal is made:
Proposal 1: For NRU, the maximum number of candidate SS/PBCH block (SSB) positions Y={16, or 32} for 15KHz SCS and Y=32 for 30KHz SCS. The DRS transmission window could be configurable in different environment within Y SSB time duration.

Before DRS transmission, gNB needs to determine to use 7-symbol or 14-symbol DRS units as described in [2] based on the needed size of RMSI from higher layer. For example, gNB will select 7-symbol DRS unit if it is enough to carry the RMSI size. To handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols). One example is shown in Figure 1 for 7-symbol DRS unit case.
Proposal 2: For NRU, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols).
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Figure 1

Example for DRS transmission (7-symbol DRS unit)

For the maximum number of transmitted DRS units, there is no need to limit this and could leave it for implementation. But it should follow the limit of LBT requirements, e.g. the maximum successive transmission duration can’t exceed 1ms if using Cat 2 LBT. 

Proposal 3: The number of actual transmitted DRS units is up to gNB’s implementation but it should follow the limit of channel access requirements.
1.1.2 SSB detection

For NRU, initial access UEs will try to detect PSS/SSS by searching the band. Once it detects PSS/SSS, UE will determine the slot timing and frame timing from PBCH. At the same time, UE will know number of Type 0 PDCCH search space in one slot, DRS window, DRS period from configuration in PBCH. In NR Rel 15, it is always assumed that the SSB with the same index in different transmission occasions are quasi co-located (QCL). However, due to shifting transmission due to different LBT results, the SSB with the same index may not be able to be transmitted. For example, as shown in Figure 1, SSB#1 is transmitted in the first DRS occasion (upper part) but not transmitted in the second one (down part). In this case, the QCL assumptions between different SSB indexes in DRS window should be defined. Since it is assumed that the SSBs in the same DRS unit are quasi co-located, the QCL assumption is also depending on UE’s acquired configuration on the number of Type 0 PDCCH search space leading to selection of DRS unit (e.g. 7-symbol or 14-symbol). Therefore, the QCL index could be obtained from SSB index i, number of Type 0 PDCCH search space n in one slot and maximum number of QCLs  q, e.g. ⌊i*n/2⌋ mod q. Examples for 7-symbol and 14-symbol DRS unit are given in  Figure 1 and Figure 2 respectively. 
Proposal 4: UE determines QCL assumptions between different SSBs based on SSB index, number of Type 0 PDCCH search space in one slot and maximum number of QCLs.
Once detecting one SSB with index i0, UE could determine a set of candidate SSB indexes within configured DRS window that are QCLed according to the above-mentioned methods. By incorporating SSB timing and DRS transmission periods, all the candidate SSB positions with the same QCL are derived from UE side. For example, the SSBs with the same colors are all QCLed in Figure 1 and Figure 2. This could be used for further RMSI acquisition, RRM/RLM measurements.
Proposal 5: UE determines a set of candidate SSB positions having the same QCL with detected SSB for further RMSI acquisition or RRM/RLM measurements.
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Figure 2

Example for DRS transmission (14-symbol DRS unit)

1.1.3 RMSI acquisition

Before RMSI acquisition, UE should at least detect one SSB and obtain the configuration in PBCH. First, UE needs to determine the Type 0 PDCCH search space. For example, if the configured number of Type 0 PDCCH search space in one slot is 2 which means 7-symbol DRS unit, Type 0 PDCCH search space is in symbol #0 for even SSB index and in symbol #7 for odd SSB index. UE could further detect the Type 0 PDCCH search space related with the set of QCLed SSB and combine them to decode RMSI. In NR Rel 15, UE will assume that there is no SSB when decoding RMSI. For NRU, it is clearly that RMSI and SSB are in the same slot. Simultaneously, CSI-RS is also beneficial to be included in DRS. Therefore, for NRU, the decoding to RMSI needs to consider rate matching with SSB and CSI-RS.
Proposal 6: UE needs to consider rate matching with SSB and CSI-RS when decoding the RMSI.
1.2. Radio link monitoring
In the licensed spectrum, both SSB and CSI-RS can be configured as RLM-RS and should be transmitted periodically. When the radio link quality assessed on any configured RLM-RS resource is better than the threshold Qin, in sync is indicated. And when the radio link quality assessed on all of the configured RLM-RS resources are worse than the threshold Qout, out-of-sync is indicated. However, in the unlicensed band, RLM-RS transmission may be blocked due to channel unavailability, which will lead to out-of-sync (OOS) indication more frequently, and then radio link failure will be declared more frequently. 
To avoid this issue, the indication criterion should be enhanced to ensure the accuracy of the radio link quality. For each configured RLM-RS, UE should determine whether the RLM-RS is detected, if RLM-RS not detected by UE, UE does not need to evaluate the hypothetic PDCCH BLER against Qin and Qout, and the number of times RLM-RS not detected could be counted in each indication period. To verify the reliability of RLM-RS appearance detection, some evaluation is performed based on the simulation assumptions given in Table 1 and the results are shown in Figure 3.

Table 1: Simulation results for miss-detection performance for RLM-RS
	Simulation parameters
	values

	Bandwidth
	20 MHz

	Channel model
	TDL-C Low 100ns 10Hz 1X2

	Subcarrier spacing
	30 kHz

	Target false alarm rate for CSI-RS/SSS/DRS(SSS+CSI-RS+PBCH DMRS)
	1%

	RMSI CORESET BW
	48 RB

	 Initial BWP size
	48 RB

	DCI size
	39bits
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Figure 3  Miss-detection performance for RLM-RS 

Note that, as specified in [4], SNR region for in sync is the SNR which can ensure BLER of RMSI PDCCH with AL=4 lower than 2%, and SNR region for out of sync is the SNR which cannot ensure BLER of RMSI PDCCH with AL=8 higher than 10%. Based on the simulation assumptions in Table 1 and simulation results in Figure 3, the in sync and out of sync SNR region are [-inf, -4dB] and [2dB, inf], respectively. In licensed band, SSS and CSI-RS are used as RLM-RS, while in unlicensed band, it has been identified to be beneficial to include CSI-RS in DRS, thus both SSB and CSI-RS can may be contained in DRS. In this case, all the RS in DRS, including SSS, CSI-RS and PBCH DMRS, can be jointly utilized to detect whether RLM-RS is actually transmitted. As illustrated in Figure 3, SSS, CSI-RS and DRS are evaluated. The miss detection rate of SSS\CSI-RS\DRS are quite low in [-inf -4dB] region, which means the RLM-RS miss-detection performance is still reliable. 

Observation 1: UE can detect whether the RLM-RS is actually transmitted with high reliability.

Bases on this observation, the radio link quality indication mechanism can be enhanced and the number of RLM-RS not detected as transmitted can be taken into consideration. If the detection rate of the configured RLM-RS resources in an indication period is lower than a threshold, a new state can be indicated to the higher layer to facilitate the radio link failure procedure. Alternatively, the in sync and out of sync indication criterion can be enhanced taking the number of RLM-RS not detected into account, without introducing a new state indicated to higher layer.
Proposal 7: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.

· A new state indicated to higher layers can be defined, based on the number of RLM-RS not detected, or
· In-sync and out-of-sync indication criterion can be enhanced by taking into account the number of RLM-RSs that not  been detected.
1.3. Enhancement for 4-step RACH

Basically, NRU will reuse 4-step RACH procedure in NR Rel 15. The following issues should be considered to improve the NRU RACH performance.
Issue 1: OCB regulatory requirement 
As shown in our companion contribution [2], introducing B-IFDMA has significant specification impacts and degraded PRACH detection performance. There are simpler ways to meet the OCB requirements without performance degradation, for example, repeating Msg1 in the frequency domain. 

Observation 2: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement. 
One potential concern arising from the Msg1 repetition may be a lower RACH capacity. Another concern is that in some condition the largest gap between two ROs still cannot meet the OCB requirement. For example, if prach-FDM=8, preamble length=139 and preamble SCS =15 kHz, the total bandwidth of 8 RO is 8.64MHz, less than 80% of the nominal channel bandwidths. As mentioned in [3], in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH. In this case, these issues can be solved by configuring denser RACH time instances and extending frequency range of FDMed ROs.
For example, in the unlicensed band, wider gap between two neighboring ROs in the frequency domain can be introduced. The gap should be carefully chosen to make sure that the OCB requirement can be fulfilled. Alternatively, more number of FDMed ROs can be considered, e.g., from 8 to 16 for 15kHz case.
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Figure 4 Gaps between ROs
Proposal 8. For PRACH in NR-U, following optimizations can be considered to meet OCB requirement
· More number of FDMed ROs can be considered;
· Allowing gaps between FDMed ROs;
Issue 2: Access delay due to LBT failure
RAN1 has discussed how to configure denser PRACH transmission resources in frequency/time domain to cope with the impact of LBT failure, e.g., support more RACH instance or more FDM’ed ROs. Some of PRACH formats are designed with at least 24576Ts, which is 12 symbols duration. In order to maintain dense PRACH instances within a PRACH configuration period, we can either exclude formats in NR-U or down select the applicable SCS, e.g., only large SCS can be used for the PRACH formats with long duration. 

Proposal 9: Excluding PRACH formats with relatively long duration or down selecting the applicable SCS should be considered for PRACH in unlicensed spectrum.

On the other hand, some companies have proposed to support the RACH resource allocated over multiple sub-bands in wideband scenario. In this situation, PRACH resource in multiple sub bands should be indicated in SIB1, and UE can perform LBT on them in parallel. To make sure there is only one ongoing PRACH process for a UE, only one of the sub-bands can be selected to transmit MSG1 at any RACH instant. 

Similarly, MSG3 can also be transmitted in any sub bands on which LBT succeed. However, the scheduling information is indicated to UE in RAR, and UE should transmit MSG3 based on the UL grant in RAR. In this case, multiple UL grants for MSG3 should be indicated to UE, or MSG3 scheduling information for multiple sub bands should be contained in a single UL grant in RAR. Thus, the access delay can also be reduced in MSG3 stage.
Proposal 10: If RACH resources in multiple sub-bands are indicated in SIB1, UE can select only one to transmit MSG1 at any PRACH instant.

Proposal 11: MSG3 Scheduling information in multiple sub bands should be indicated to UE in RAR.
3. Conclusion

In this contribution, we focus on the design of DL signals and channels in NR-U spectrum, and have the following proposals:
Proposal 1: For NRU, the maximum number of candidate SS/PBCH block (SSB) positions Y=16 for 15KHz SCS and Y=32 for 30KHz SCS. The DRS transmission window could be configurable in different environment within Y SSB time duration.
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Proposal 2: For NRU, gNB could shift the DRS transmission within configured DRS transmission window and the shifting granularity is length of selected DRS unit (7 or 14 symbols).
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Proposal 3: The number of actual transmitted DRS units is up to gNB’s implementation but it should follow the limit of channel access requirements.
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Proposal 4: UE determines QCL assumptions between different SSBs based on SSB index, number of Type 0 PDCCH search space in one slot and maximum number of QCLs.
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Proposal 5: UE determines a set of candidate SSB positions having the same QCL with detected SSB for further RMSI acquisition or RRM/RLM measurements.
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Proposal 6: UE needs to consider rate matching with SSB and CSI-RS when decoding the RMSI.


Observation 1: UE can detect whether the RLM-RS is actually transmitted with high reliability.


Proposal 7: Radio link quality indication in physical layer should be enhanced considering that the RLM-RS transmission may be blocked in the unlicensed spectrum due to LBT.

· A new state indicated to higher layers can be defined, based on the number of RLM-RS not detected, or

· In-sync and out-of-sync indication criterion can be enhanced taking the number RLM-RS not detected into account.


 Observation 2: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement.
Proposal 8. For PRACH in NR-U, following optimizations can be considered to meet OCB requirement
· More number of FDMed ROs can be considered;
· Allowing gaps between FDMed ROs;
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Proposal 9: Excluding PRACH formats with relatively long duration or down selecting the applicable SCS should be considered for PRACH in unlicensed spectrum.
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Proposal 10: If RACH resources in multiple sub-bands are indicated in SIB1, UE can select only one to transmit MSG1 at any PRACH instant.
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Proposal 11: MSG3 Scheduling information in multiple sub bands should be indicated to UE in RAR.
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