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Introduction
In the RAN1#97 meeting, details on the enhancements to signals and procedures for NR-U were discussed and the following agreements about initial access procedure had been achieved [1]:
Agreement:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE
Agreement:
LBT category for msg3 initial transmission is provided to the UE in RAR
Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE
It was also agreed in RAN1 #96 that [2]:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum
In this contribution, based on achieved agreements we further discuss remaining essential functionality about enhancements to DRS transmission, QCL assumption, RRM measurements and radio link monitoring(RLM) for NR-U. With the principle for an efficient and forward compatible design, the enhancements should reuse the decisions made in the NR as much as possible and avoid unnecessary divergence[3].
Enhancement to DRS transmission 
2.1 DRS transmission pattern in time domain
For the beam sweeping based SS/PBCH block(SSB)/DRS transmission in NR-U, the most important issue lies in the impact of LBT failure on transmission opportunity of DRS in transmission window. DRS should include SSB and the corresponding RMSI-CORESET+PDSCH at least, and potential OSI and paging signals with same QCL assumption. Besides, other requirements such as MCOT and OCB should be considered jointly.
Among the candidate mechanisms for transmitting SSBs dropped due to LBT failure, cyclically wrapping the dropped SSBs around to the end of the burst set is a more reasonable choice in most cases with respect to implementation complexity, time delay and signalling overheads. In this mechanism, the candidate position in time domain for each SSB could be the same as that of NR. While, for dropped SSB, it could be retransmitted at other candidate SSB position(s) with same QCL assumption. For the latter case, detected SSB position index i(<=Y) only carries the timing information of candidate position, unlike actual SSB index in NR, it cannot be used for the other functions directly except acquiring serving cell timing. There is a mapping between detected SSB position index and actual SSB index with i modulo Q(<=X) operation, where Q and X are the number of actually transmitted SSB and the maximum number of transmitted SSB, respectively. In other words, corresponding to Q actually transmitted SSBs without QCL relationship between each other, Q non-QCLed beams should be arranged cyclically within DRS transmission window based on LBT result.
According to the agreement of RAN#96bis, the maximum number of candidate SSB positions in a DRS transmission window with maximum 5ms duration, Y, is 10 for 15 kHz SCS and 20 for 30 kHz SCS. Given Q and Y, considering the uncertainty of LBT result, the opportunity for DRS transmission mostly depends on the shift granularity. While the shift granularity of DRS transmission is related to the cycle of LBT operation, as an example, the duration of DRS window is 10mS and LBT is performed every 1mS in LTE-LAA/Multefire, where the delay of DRS transmission is counted in millisecond. Because each slot contains two SSB candidate positions at most within DRS transmission window, half a slot for DRS transmission could be used as the minimum position shift granularity in time domain. 
Proposal 1: As a part of DRS transmission, SSB position shift granularity in time domain should be half a slot.
As agreements in previous meetings, NR-U supports 15KHz SCS and 30KHz SCS for SSB in 5GHz band and 6GHz band respectively, and maximum DRS transmission window duration is 5ms. So, for 15 kHz and 30 kHz SCS, if X=8, the duration of DRS burst set transmission will be up to 4 ms and 2 ms, respectively. Further, for the band of sub7GHz in NR-U, since beam forming gain is limited compared with that of in FR2, the maximum number of non-QCLed beams more than 4 is not very necessary in this sense. According to TR 38.889[3], Cat-2 LBT could be adopted for DRS transmission only when the total DRS duty cycle in DRS burst set period is less than 1/20, and the DRS burst set duration is up to 1ms, which means 4 DRSs could be transmitted at most within duration. 
Considering the impact of LBT failure and 1ms COT when employing Cat-2 LBT, X could be reduced to 2 and 4 for 15 kHz and 30 kHz SCS, respectively. Consequently, with shift granularity of 0.5ms, more opportunities could be provided for compensating dropped SSB due to LBT failure within DRS transmission window. On the contrary, considering different deployment scenarios and implementation of shift granularity, if the duty cycle is larger than 1/20 or DRS burst set duration is larger than 1ms, Cat-4 LBT could be employed for DRS transmission. Consequently, X value of 8 could be an optional choice for 15 kHz and 30 kHz SCS under such circumstances.
Proposal 2: If Cat-2 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 2 and 4 for 15 kHz and 30 kHz SCS, respectively.
Proposal 3: If Cat-4 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 8 for 15 kHz and 30 kHz SCS.
2.2 DRS transmission based on directional LBT
[bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: OLE_LINK4]According to the agreement in RAN1#95, besides omni-directional LBT, directional LBT for beamformed transmissions has also been studied. Considering beam sweeping based directional SSB transmission, the result of omni-directional energy detection might not represent the channel status in all directions, even if channel is only partly occupied in certain direction, while the whole SSB transmission have to be delayed. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]So, as discussed in our previous contribution[4], gNB could use directional LBT to increase the opportunity for DRS transmission. Directional LBT can be performed in all beams directions prior to a DRS transmission window, or in certain direction(s) within a DRS burst set where inconsecutive transmission due to MCOT results in a gap between adjacent DRS transmissions.
Proposal 4: Directional LBT should be considered for enhancement to DRS transmission in NR-U.
2.3 Serving cell timing and QCL assumption
As mentioned above, for the cyclically wrapping mechanism, Y candidate SSB positions should be indexed in a certain way for corresponding beam identification and cell timing. In the case of Y=10 and 20 for 15kHz and 30kHz respectively, 5 bits are enough to indicate all candidate positions uniquely, which can be carried by PBCH DMRS sequence (3 bits) and PBCH payload (2 bits) similar to that of NR Rel-15 except new interpretations of these information bits are required. Then, UE can determine serving cell timing from position index A of received SSB with minimum impact on   decisions made in the NR WI. So, as in NR, no matter the value of X is selected as 2, 4 or 8, all 8 DMRS sequences should always be allocated cyclically to SSBs on Y(10/20) candidate position within DRS transmission window.
According to the agreements of RAN1#96bis and 97, for a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SSBs which are transmitted at the same candidate positions across DRS transmission windows. Further, given Q, based on the value of modulo(A, Q), UE may assume a QCL relation between SSBs detected across DRS transmission windows. However, if Q is not a factor of the number of DMRS sequences, DMRS sequence index alone cannot provide enough information to demonstrate the QCL relation between two SSBs even with the same DMRS sequence index. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As shown in the following figure, there are Y=20 candidate positions indexed from 0 to 19 and 8 DMRS sequences indexed from 0 to 7 for SSB/DRS transmission, QCLed SSBs are depicted in the same color which should be transmitted through the beam on the same direction . If there is no restriction on the range of Q, for the first row and the second row in Fig.1, Q=4 and Q=5 non-QCLed beams are used in DRS transmission window as an example, respectively. Considering the SSBs depicted in brown color, if Q=4, SSBs in candidate position 1, 5, 9, 13 and 17 are QCLed, and DMRS sequence index 1 and 5 are employed. Then, DMRS sequence indices of different SSBs can be used to determine the QCL relation, because Q=4 is one of factors of the number of DMRS sequence, 8. However, if Q=5, SSBs in candidate position 1, 6, 11 and 16 are QCLed, UE could not assume QCL relation based solely upon corresponding DMRS sequence indices 1, 6, 3 and 0, since the value of modulo(A,Q) is not constant for A=1, 6, 3 and 0.


Figure 1. Example of SSB transmission pattern for different Q
Proposal 5: SSB candidate position index should be used for UE to assume QCL relation between SSBs which are detected across DRS transmission windows, when no restriction on the range of Q.
In NR, UE can assume a QCL relation between SSBs at the same position (with the same index) across different DRS transmission windows. In NR-U, due to the uncertainty of LBT outcome, each SSB in a burst set could not always be transmitted in one fixed position. Although X is predefined in specification corresponding to different SCSs configuration, Q might be flexible and different from X adapting to the various deployment scenarios. The value of Q is a necessary condition for UE to determine QCLed beams, and perform PBCH-combination and RRM beam measurement. At the beginning of initial access procedure, UE can read PBCH payload and then acquire frame timing for downlink synchronization without knowledge of Q. Next, based on in MIB content, UE can read RMSI PDSCH by monitoring Type0-PDCCH CSS in the same way as in NR. Hence, Q could be indicated in RMSI to UE for subsequent random access procedure without impact on MIB and PBCH payload which is major design principle for NR-U. 
Proposal 6: The number of transmitted non-QCLed SSBs in a burst set, Q, should be indicated in RMSI.
For the agreed decisions that UE may assume SSBs in the same candidate position within the DRS transmission window are QCLed across DRS transmission windows, and X is not exceed 8 in NR-U, this implies that the number of PBCH DMRS sequences equals to the number of actual transmitted SSBs in NR-U at least. Consequently, the same PBCH DMRS sequence index is applicable for QCL assumption across DRS transmission windows, which is similar to the way in NR. In previous meetings, there is a consensus emphasized that it is beneficial for a UE in neighbor cell to assume QCL relationship or perform RRM measurement only based on DMRS sequence index without further needing to decode PBCH payload. As mentioned above, since 1, 2, 4 and 8 are the factors of 8, so if one of these factors is assigned to Q, DMRS sequence index is sufficient for UE to determine QCL relation, reading the other 1bit/2 bits in PBCH payload is unnecessary under this case. While the remaining positive integers less than 8, set {3, 5, 6, 7}, could be an additional flexible choice of Q for various deployment scenarios. 
Proposal 7: The parameter Q could be selected from fundamental set {1, 2, 4, 8} and additional set {3, 5, 6, 7}, where the former facilitates QCL assumption and the latter adapts to various deployment scenarios.
Enhancement to RRM/RLM
2 
3 
3.1 IS and OOS
In NR Rel-15, since SSB and CSI-RS are transmitted periodically, both SSB based and CSI-RS based radio link monitoring(RLM) procedures are defined to assess radio link quality and report out-of-sync/in-sync status to higher layers. SSB resources, together with CSI-RS resources could be utilized as RLM-RS resources. If hypothetical block error rate (BLER) estimated on any RLM-RS resource in the frame is better than the configured threshold, UE indicates in-sync to higher layer. When BLERs estimated on all RLM-RS resources are worse than another configured threshold, out-of-sync status is reported. Similar to the critical issue on DRS transmission, the uncertainty of LBT outcome will also affect the assessment of radio link quality with false alarm due to gNB’s failing to obtain channel occupancy and transmit RLM-RS(s) to UE in a set of configured slots. UE cannot distinguish this case due to missing RLM-RS from the case caused by poor link quality. 
As agreed in RAN1#97, for SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window for NR-U. Although it has been identified to be beneficial to include CSI-RS in DRS, CSI-RS also could be configured outside the DRS transmission window, which can mitigate the impact of LBT failure on RLM to some extent, especially utilizing the aperiodic CSI-RS for in-sync evaluation. Then, for CSI-RS based RLM, the RLM measurement occasions should be defined according to dedicated CSI-RS configuration. 
Proposal 8: For CSI-RS based RLM, the RLM measurement window should be defined according to dedicated CSI-RS configuration.
To handle the impact of missing RLM-RS during RLM measurement window, enhancement to radio link quality indication mechanism should be considered. For NR-U, since missing RLM-RS transmission is normally inevitable in heavily loaded serving cell, UE could count the number of consecutive RLM-RS detection failures before counter overflow, instead of triggering RLF immediately. The threshold for the counter could be evaluated according to simulations of variously loaded cells. Further, if a method is introduced to inform UE of the missing RLM-RS transmission, the counting rule could be improved accordingly so that UE can determine radio link quality with higher accuracy. 
Proposal 9: To mitigate the impact of LBT failure on RLM-RS transmission, a counter of RLM-RS detection failure could be introduced with certain threshold for triggering RLF.
3.2 RSSI and channel occupancy measurement
In Rel-13 LTE-LAA, to measure the channel congestion level and detect hidden nodes, RRSI measurement with RMTC(RSSI Measurement Time Configuration) is applied. The average RSSI per reporting period and the percentage of OFDM symbol level RSSI above the configured channel occupancy threshold during each reporting period are measured and reported together. As agreed in RAN1#96 meeting, the similar mechanism reporting RSSI and channel occupancy status is also supported in NR-U. So, based on the results of each subband level RSSI measurements from UE, gNB could further obtain wideband RSSI measurement in the mass. The existing RSSI measurement related metrics and configuration from LTE-LAA can satisfy the requirement of channel occupancy status indication for NR-U with necessary flexibility. 
Proposal 10: For the RSSI and channel occupancy measurement in NR-U, the corresponding measurement mechanism from LTE-LAA should be supported without necessity of further enhancement.
Conclusion
In this contribution, we discuss enhancements to initial access procedures for NR-U. The following proposals are made: 
Proposal 1: As a part of DRS transmission, SSB position shift granularity in time domain should be half a slot.
Proposal 2: If Cat-2 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 2 and 4 for 15 kHz and 30 kHz SCS, respectively.
Proposal 3: If Cat-4 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 8 for 15 kHz and 30 kHz SCS.
Proposal 4: Directional LBT should be considered for enhancement to DRS transmission in NR-U.
Proposal 5: SSB candidate position index should be used for UE to assume QCL relation between SSBs which are detected across DRS transmission windows, when no restriction on the range of Q.
Proposal 6: The number of transmitted non-QCLed SSBs in a burst set, Q, should be indicated in RMSI.
Proposal 7: The parameter Q could be selected from fundamental set {1, 2, 4, 8} and additional set {3, 5, 6, 7}, where the former facilitates QCL assumption and the latter adapts to various deployment scenarios.
Proposal 8: For CSI-RS based RLM, the RLM measurement window should be defined according to dedicated CSI-RS configuration.
Proposal 9: To mitigate the impact of LBT failure on RLM-RS transmission, a counter of RLM-RS detection failure could be introduced with certain threshold for triggering RLF.
Proposal 10: For the RSSI and channel occupancy measurement in NR-U, the corresponding measurement mechanism from LTE-LAA should be supported without necessity of further enhancement.
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