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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN1 #94 meeting that [1]:
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbor relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· [bookmark: OLE_LINK155]Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
[bookmark: _Ref129681832]In this contribution, we mainly discuss the composition of the NR-U DRS in various deployment scenarios and the corresponding OCB requirement. Considerations on the CORESET configuration and NR-U DL/UL burst identification signal are also discussed. 

The NR–U DRS design
The composition of NR–U DRS 
LTE LAA Discovery Reference Signal (DRS) consists of CRS, PSS, SSS and optional CSI-RS. Similarly introduction of NR-U DRS consisting of at least the SS/PBCH block burst set was identified beneficial in previous meetings. For NR-U Scell in CA mode, the NR-U DRS consists of only SS/PBCH block, which is consecutively transmitted. L SS/PBCH blocks, which is specified in NR, could be consecutively transmitted, i.e., 8 SS/PBCH blocks can be consecutively transmitted within 3 slots, as illustrated in Fig 1, and multiple symbols before/after the SS/PBCH block burst set could be reserved for other DL/UL control transmission. While in DC or SA mode, the corresponding RMSI is jointly transmitted with SS/PBCH block as the NR-U DRS for initial access. Besides, CSI-RS could also be configured as part of the NR-U DRS for the purpose of RLM/RRM measurements. In Rel-15 NR, the gNB transmits multiple SS/PBCH with different beams for the purpose of coverage extension. However, the EIRP is restricted in unlicensed band according to the regulation. As a result, single SS/PBCH block with omni-direction might be necessary at least for initial access, especially for sub-7GHz carrier frequency band. As depicted in Fig 2, 2 SS/PBCH block candidates and 3 corresponding RMSI CORESET candidates could be configured within a slot when RMSI CORESET symbol duration is 2. If LBT succeeds before symbol 0, the gNB will transmit RMSI CORESET at symbol 0-1 and SS/PBCH block at symbol 2-5. RMSI PDSCH shall follow SS/PBCH block within the same slot. If LBT succeeds before symbol 6, the gNB will transmit RMSI CORESET at symbol 6-7 and SS/PBCH block at symbol 8-11. If LBT succeeds before symbol 8, the gNB will transmit SS/PBCH block at symbol 8-11 and RMSI CORESET at symbol 12-13. The corresponding RMSI PDSCH may be transmitted in the following slot. Alternatively, more than one beam may be employed for the DRS transmission since UE could choose different beams and then perform initial access within ROs associated with different beams. When UEs are distributed to ROs corresponding to all beams, the collision probability of preamble transmission is decreased and hence reduce the average initial access delay. Fig 3 demonstrates the DRS pattern that 2 SS/PBCH blocks and the corresponding RMSI CORESET/PDSCH to be transmitted within one slot. RMSI CORESET corresponds to SS/PBCH block 0 starts at symbol 0, and RMSI CORESET corresponds to SS/PBCH block 1 starts at symbol 7. RMSI CORESET occupies 1-3 symbols. When the actual symbol duration of RMSI CORESET is less than 3 symbols, the blank symbol(s) could be filled with RMSI PDSCH, CSI-RS or other DL RS.
For 60 kHz SCS, only 24/26 RBs are available in 20 MHz sub-band. Considering large RMSI PDSCH payload size in NR R15, i.e. around 1700 bits and limited resource left at the edge of initial BWP,  the DRS pattern shown in Fig 2 is more suitable for 60 kHz SCS. For 30 kHz SCS, lower MCS (MCS 6) is required when the pattern proposed in Fig 3 is used for DRS transmission. However, the UE’s detection performance may also be degraded with the existence of strong interference.  Hence the gNB could use either pattern shown in Fig 2/Fig 3 for DRS transmission with 30 kHz SCS, and the actual configuration can be fixed or dynamically indicated. If multiple beams are adopted for the DRS transmission, multiple consecutive slots could be used to transmit SS/PBCH blocks and the corresponding RMSI CORESET/PDSCH.
At last meeting, the transmission of OSI and paging within the NR-U DRS was agreed. It is beneficial to reduce the required number of channel access attempts and better satisfy the OCB requirement in NR-U. From another perspective, it is also not desirable to always consist of all these channels/signals in the NR-U DRS due to limited resources available for the DRS transmission. 
In NR, PBCH within SS/PBCH block can indicate the multiplexing pattern between SS/PBCH block and RMSI CORESET. When additional signal (i.e. OSI, paging) may also be included in DRS, it is natural to extend the configuration information in PBCH to carry the indication of inclusion for additional signal and the multiplexing pattern between SS/PBCH block and those included signals in DRS.  
 [image: ]
[bookmark: _Ref524941383]Fig 1. Illustration of the NR-U DRS in CA mode 
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[bookmark: _Ref524941397]Fig 2. Illustration of the NR-U DRS in DC/SA mode (single beam case)
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[bookmark: _Ref524941413]Fig 3. Illustration of the NR-U DRS in DC/SA mode (multiple beam case)

Proposal 1: For NR-U Scell in CA mode, the NR-U DRS consists of only SS/PBCH block, which is consecutively transmitted. While in DC or SA mode, the NR-U DRS should also include the corresponding RMSI, and may include CSI-RS, paging, OSI. 
[bookmark: OLE_LINK156][bookmark: OLE_LINK157]Proposal 2: RMSI CORESET should be multiplexed with SS/PBCH block in TDM manner in sub 7GHz unlicensed bands. RMSI PDSCH could be multiplexed with SS/PBCH block in TDM for 60 kHz or 30 kHz SS/PBCH block. RMSI PDSCH could be multiplexed with SS/PBCH block in FDM manner for 30 kHz or 15 kHz. 
[bookmark: OLE_LINK158]Proposal 3: PBCH within SS/PBCH block can be used to indicate the inclusion of RMSI, OSI and paging in DRS. 

The OCB requirement for the NR-U DRS
According to the ETSI regulation [2] the OCB requirement is at least 80 percent of the initial DL BWP for NR-U, which equals to 16 MHz The bandwidth of an SS/PBCH block is {3.6, 7.2, 14.4} MHz with {15, 30, 60} KHz subcarrier spacing, respectively. The current transmission bandwidth of SS/PBCH block is obviously smaller than the nominal channel bandwidth of the NR-U when only an SS/PBCH block is transmitted. Frequency multiplexing of the RMSI/CSI-RS, if available, with SS/PBCH block(s) could facilitate the OCB requirement fulfillment of the NR-U DRS.
If PDSCH is allowed to be multiplexed with SS/PBCH block(s), the OCB requirement can be easily fulfilled. If PDSCH is not available, multiplexing of other physical channels and SS/PBCH block could be considered to fulfill the OCB requirement, possible alternatives are discussed as follows.
Alt-1: If the NR-U DRS consists of RMSI, frequency multiplexing of RMSI CORESET/PDSCH with SS/PBCH block(s), as discussed in section 2.1, can be considered to meet the OCB requirement in sub-7GHz. 
Alt-2: If CSI-RS is jointly transmitted with SS/PBCH block(s), combinations of the quasi co-located CSI-RS and SS/PBCH block is another possible alternative to meet the OCB requirement for unlicensed operation. However, such joint transmission may reduce the CSI-RS configuration flexibility, and the transmitted CSI-RS could be meaningless if not configured to any UE for beam management or CSI reporting. 
Alt-3: Duplicated SS/PBCH block(s) transmission in frequency domain could also fulfill the OCB requirement.
To sum up, if the NR-U DRS consists of the RMSI/CSI-RS, frequency multiplexing RMSI/CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, if the NR-U DRS only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement. 
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK163]In addition, the OCB requirement gap may be different under different numerology.  For 15 or 30 kHz SCS, large gap needs to be filled by frequency multiplexing with more other signals. While small gap is left for 60 kHz, thereby different multiplexing pattern can be considered for different numerology in sub-7G NR-U. 
[bookmark: OLE_LINK159]	Proposal 4: When the NR-U DRS consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, when the NR-U DRS only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.
[bookmark: OLE_LINK166]Proposal 5: Different multiplexing pattern, between SS/PBCH block and RMSI/CSI-RS can be considered to fulfil different OCB requirement gap in sub-7G NR-U. 

SS/PBCH block with different subcarrier spacing 
It is agreed in [3] that SS/PBCH block design with 60 kHz subcarrier spacing (SCS) shall be studied in NR unlicensed. The main advantages of SS/PBCH block with 60 kHz SCS compared to that with 15/30 kHz SCS are listed below.
Shorter symbol alignment delay: The slot duration with 60 kHz SCS is only a quarter of that with 15 kHz SCS. Assuming the same SS/PBCH block structure is used with different SCS, less time is needed for SS/PBCH block detection with 60 kHz SCS compared to that with 15/30 kHz SCS. Besides, more transmission occasions could be accommodated within the same time window, and SS/PBCH block transmission is more robust to LBT failure since more opportunities are provided to the gNB for the original and/or the shifted version of the SS/PBCH block, which also facilitates UE’s reception. In addition, if CAT 4 LBT is adopted for the SS/PBCH block transmission and LBT succeeds in the middle of the slot, shorter symbol alignment delay is required to transmit using 60 kHz SCS, and thus increase the spectral efficiency.
Easier OCB fulfillment: As discussed in [4], the maximum number of available RBs for 15/30/60 kHz SCSs and 20 MHz channel bandwidth is 106/51/24. Since SS/PBCH block only occupies 20 RBs in frequency domain, it is easier to combine the corresponding RMSI, CSI-RS or other DL reference signals with SS/PBCH block to fulfill the OCB requirement if 60 kHz SCS is adopted for SS/PBCH block transmission. Even if there is no other channels are available to frequency multiplexing with SS/PBCH block and dummy signal is filled, the spectral efficiency would not significantly decrease.
Similar standard effort: In Rel-15 NR, SS/PBCH block with 60 kHz SCS has already been investigated, and the synchronization and detection performance is comparable to that with 15/30 kHz SCS. The PSS/SSS sequences designed for 15/30 kHz SCS can be reused without change.  Considering additional requirement from LBT and DRS composition in unlicensed band, SS/PBCH block pattern and multiplexing mode with RMSI/OSI/Paging anyway should be studied for all candidate numerologies, even for 15 kHz and 30 kHz. Thus, the standard effort to introduce SS/PBCH block with 60 kHz SCS is similar as that of 15 kHz and 30 kHz SCS. 
Proposal 6: SS/PBCH block with 60 kHz SCS should be supported in NR-U.

NR-U CORESET configuration
In this section, consideration on NR-U CORESET configuration in frequency domain is discussed.
As per the previous agreement, LBT can be performed in each sub-band with channel bandwidth of 20MHz. Since the actual transmission bandwidth is dynamic due to LBT outcome, the CORESET is preferred to be configured within a 20MHz sub-band. Otherwise, if CORESET is configured with bandwidth larger than 20MHz and REG bundle interleaving is enabled, NR-PDCCH REG bundle(s) will be uniformly distributed in the frequency domain that assigned to the CORESET, and part of REG bundle(s) may become void if LBT of the corresponding sub-band LBT fails, which will lead to decoding failure of the whole PDCCH. When REG bundle interleaving is disabled, the actual allocated REG bundle for PDCCH could be constrained within one 20MHz sub-band even if the bandwidth of configured CORESET is larger than 20MHz. However, decoding performance of PDCCH may be degraded since the frequency diversity gain cannot be obtained via REG bundle interleaving. Therefore, NR-U CORESET is preferred to be configured within a 20MHz sub-band.
As discussed above, when the CORESET is configured within a 20MHz channel, the following two alternatives, which is shown in Fig 5, could be considered for the CORESET configuration in NR-U:
Alternative 1: The CORESET configuration is duplicated in each sub-band. When LBT for at least one sub-band succeeds, the corresponding CORESET is valid and the CORESET configuration will not be impacted by LBT. However, the signaling overhead is comparatively larger in case there are a large number of available sub-bands.
Alternative 2: The CORESET is only configured in one fixed sub-band. However, the CORESET configuration becomes void when LBT fails. In this case, the gNB loses the transmission opportunity and the spectral utilization efficiency decreases.



[bookmark: _Ref524941944]Fig 5. Possible NR-U CORESET configuration schemes 
In order to mitigate LBT impact on the CORESET configuration while keeps the signaling overhead comparatively small, enhancement on CORESET configuration shall be investigated in NR-U. For example, if LBT for the configured sub-band for CORESET fails, the gNB may attempt to transmit CORESET in another sub-band that passes LBT. This sub-band switching pattern for CORESET shall be known at both gNB and UE side, which could be configured to the UE via RRC signaling. Then the UE can get the corresponding control information, if any, accordingly. If multiple CORESETs are configured simultaneously, and only partial sub-bands are available to transmit, then additional rules shall be defined to determine which CORESET(s) will be transmitted and the corresponding sub-band used for transmission.
Proposal 7: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.
Signal for DL/UL burst identification
DL/UL Burst identification
NR supports to start transmissions aligned with mini-slots, which have much finer granularities (e.g. 2/4/7 OFDM symbols are now being considered in DL). Therefore NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels. One arising issue along with the flexible starting point of DL/UL transmission is identification of DL/UL burst. In DL, unnecessary PDCCH blind-decoding shall be avoided since it imposes high requirement of UE capability and greatly decreases battery life of the device. In UL, the gNB can determine the number of OS in PUSCH actually transmitted by UE. The UL RE granted but not used could be excluded from the decoding for better HARQ combination. 
One way to determine the presence of DL burst is based on detecting cell specific identification signals. Although it costs additional overhead, dedicated identification signals could provide extra functionalities, such as fine synchronization, phase tracking and spatial reuse. PSS/SSS, CSI-RS configured as tracking RS can be candidates. An alternative approach is through detection of DMRS associated with PDCCH. Wideband DMRS should be considered since the DMRS sequence should be sufficiently long to guarantee detection reliability. 802.11a preamble is also discussed for initial signal which allow NR-U adopting similar PD/ED threshold as WiFi system. More performance evaluations on aforementioned candidates for NR-U initial signal is provided in our companion paper [5].
An identification signal should be transmitted at the beginning of a DL/UL burst. Multiple transmissions of identification signal in time and frequency domain can provide additional detection reliability and indicate actual transmission bandwidth which is further explained in our companion paper [6]. 
The current sequence generation of DMRS and CSI-RS in Rel-15 NR depends on the index of the slot and the symbol where the RS is located. The gNB needs to prepare multiple versions of the identification signal or regenerate it in a short time repeatedly after it is contending for channel access, as it does not know when channel access succeeds. In order to simplify the implementation of the gNB, it is better to make DL/UL identification signal not depend on time such that the gNB can generate the DL/UL identification signal only once and then wait for channel access.  
Proposal 8: DL/UL burst identification signal should be supported in NR-U.

Multiple transmissions within the COT
Signal for DL burst identification and COT structure indicator could be transmitted together at the start of COT. More information on NR-U COT indication could be found in our companion paper [6]. The COT structure indicator could be carried in a GC-PDCCH or a specific field in the DL burst identification signal. UE will first blind detect the dedicated identification signal before it starts to monitor PDCCH. UE will try to acquire the COT structure information after the successfully detect the DL burst identification signal. 
The DL burst identification and COT structure indicator can be transmitted by multiple times in case some UE might miss detection. If the UE detected the dedicated identification signal but failed to decode COT structure indication, UE knows the existence of a DL burst, so it can keep monitoring CORESET for another COT structure information or a DL/UL assignment DCI until the possible MCOT time specified in the regulation runs out. Considering UE will miss all resources allocated to it within the COT when missing the DL burst identification signal, the signal could be further transmitted on a per slot basis, similar as CRS in LTE LAA. Furthermore, the identification signal at the very beginning of COT could be different from follow-up per-slot identification signals to indicate existence of COT indication information.
Proposal 9: NR-U should consider transmitting multiple DL burst identification and COT indication within a COT.

Conclusions
In this contribution, we mainly discuss the composition of the NR-U DRS in various deployment scenarios and the corresponding OCB requirement. Considerations on the CORESET configuration and NR-U DL/UL burst identification signal are also discussed. Based on the discussion, we have made the following proposals:
Proposal 1: For NR-U Scell in CA mode, the NR-U DRS consists of only SS/PBCH block, which is consecutively transmitted. While in DC or SA mode, the NR-U DRS should also include the corresponding RMSI, and may include CSI-RS, paging, OSI. 
Proposal 2: RMSI CORESET should be multiplexed with SS/PBCH block in TDM manner in sub 7GHz unlicensed bands. RMSI PDSCH could be multiplexed with SS/PBCH block in TDM for 60 kHz or 30 kHz SS/PBCH block. RMSI PDSCH could be multiplexed with SS/PBCH block in FDM manner for 30 kHz or 15 kHz. 
Proposal 3: PBCH within SS/PBCH block can be used to indicate the inclusion of RMSI, OSI and paging in DRS. 
	Proposal 4: When the NR-U DRS consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, when the NR-U DRS only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.
Proposal 5: Different multiplexing pattern, between SS/PBCH block and RMSI/CSI-RS can be considered to fulfil different OCB requirement gap in sub-7G NR-U. 
Proposal 6: SS/PBCH block with 60 kHz SCS should be supported in NR-U.
Proposal 7: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.
Proposal 8: DL/UL burst identification signal should be supported in NR-U.
Proposal 9: NR-U should consider transmitting multiple DL burst identification and COT indication within a COT.
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