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1. Introduction
Regarding DL signals and channels aspect for NR-U, the following texts capturing agreements in previous meetings have been included in current technical report [1]:

For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:
-
There are no gaps within the time span the signal is transmitted at least within a beam

-
The occupied channel bandwidth is satisfied (although this may not be a requirement)

-
Strive to minimize the channel occupancy time of the signal

-
Characteristics that may facilitate fast channel access

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 neighbour relations (ANR) functionality in an NR-U deployment 

-
Resolution of PCI confusion in an NR-U deployment

The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.

In this contribution we discuss remaining consideration for NR-U, i.e. NR-U discovery reference signal (NR-U DRS), control channel (PDCCH), and data channel (PDSCH), together with the text proposal based on current TR.
2. Discussion
1.1. Discovery reference signal (DRS)
It is clear that inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in DRS are beneficial in standalone NRU scenario. Besides, CSI-RS will be multiplexed with the PDSCH carrying RMSI and potential paging message/OSI. For UEs in initial access stage, they have no knowledge about CSI-RS resource configuration when receiving this broadcast PDSCH in licensed band. Therefore, rate matching around the CSI-RS for broadcast PDSCH should be considered for NR-U, e.g. the CSI-RS configuration in DRS could be either predefined or indicated in PBCH.
On the other hand, DRS may not need to include RMSI in certain scenarios, e.g. license assisted NR-U. In this case, DRS will only include SSB and CSI-RS, which results in some available resource for other channel’s transmission (e.g. PDSCH) in this DRS occasion. It is beneficial to schedule connected UEs’ data multiplexing with DRS to increase the spectrum efficiency. Similarly, the rate matching mechanism between dedicated PDSCH and DRS (including SSB, CSI-RS and potentially other RSs) should be considered for NR-U.
Proposal 1: Multiplexing of PDSCH and CSI-RS (and potentially other signals) in DRS occasion is needed and rate matching mechanism in this case should be considered for NR-U.
1.2. Initial signal

In LTE LAA, together with transmitting PDSCH, the always-on CRS could be used for LAA UEs to detect whether there is DL transmission or not. In implementation, LAA UEs will monitor CRS first and then start blind PDCCH monitoring after detecting CRS, which will avoid unnecessary PDCCH blind decoding and thus save UE power. However, CRS has been removed in NR Rel15 and NR-U will inherit this feature. One simple way is to start PDCCH blind decoding in configured search space directly, which results in a waste of UE power due to the uncertainty of channel availability in NRU. Therefore, it is necessary to introduce low complexity signal to facilitate identification of DL transmission for NRU. Sequence based signal (e.g. CSI-RS/DM-RS) is a better option, where only correlation operation is needed without blind decoding. If initial signal is put at start of COT only (e.g. 1st slot) and it is used for triggering PDCCH monitoring, the data transmission for the whole COT will be lost if the initial signal is not detected. The missing of the signal could happen very likely in several situations: 1) DRX on time after the start of COT as shown in Figure 1; 2) Low SINR when detecting the signal due to low RX power or high interference power. Therefore, the initial signal needs to be transmitted repeatedly in the COT instead of start of COT only. One example is illustrated in Figure 1. 
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Figure 1 CSI-RS/DMRS based initial signal
Besides, if UE is unaware of the COT duration, it needs to continually detect initial signal first in each slot inside the COT. However, once gNB acquires the channel, it may send transmission continually within the acquired COT. Thus, detection of this initial signal is a waste from UE side. To solve this issue, COT information (e.g. remaining time/slots for the transmission inside the COT) could be delivered implicitly or explicitly through the initial signal. In this way, once UE detects the initial signal, it knows how much remaining COT time duration in which there will be DL transmission. Within this remaining COT time, it could stop detecting initial signal and start to monitor PDCCH directly. Outside the indicated COT, UE resumes to detect initial signal again as a trigger of PDCCH monitoring. 
Proposal 2: It is beneficial to introduce sequence based initial signal in unlicensed spectrum, which can be used to indicate the acquisition of the channel by gNB, and
· The already defined physical signal is preferred to be reused as the initial signal, e.g., CSI-RS/DMRS.

· The information of COT can be delivered through the initial signal.

1.3. PDSCH

To fully utilize the channel resources, it is beneficial that PDSCH can be transmitted from any OS within a slot. In frequency domain, PDSCH RA type 0 (i.e. bitmap based) can be used to meet the OCB requirement by allocating distributed RBs for a single PDSCH transmission. In time domain, mini-slot transmission can be used for efficient utilization of the spectrum resource after successful LBT. In Rel-15, a mini-slot based PDSCH transmission (PDSCH mapping type B) can start from any OFDM symbol within a slot and cannot cross slot boundary. However, in Rel-15, PDSCH mapping type B can only support a restricted set of transmission durations, i.e. 2/4/7 OFDM symbols. Such restriction will limit the flexibility in unlicensed spectrum utilization. Therefore, it is proposed to support same flexibility as in PUSCH mapping type B, i.e. a PDSCH mapping type B transmission can support any duration from 1 OFDM symbol to 14 OFDM symbols. 

Proposal 3: PDSCH mapping type B should support any transmission duration from 1 OFDM symbol to 14 OFDM symbols.
1.4. DMRS initialization for PDCCH/PDSCH
In NR, during PDCCH/PDSCH DMRS generation, the pseudo-random sequence generator shall be initialized with
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where 
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 is the OFDM symbol number within the slot, [image: image7.png]


 is the slot number within a frame. That is, the initialization of PDCCH/PDSCH DMRS is a function of time domain variables of 
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. 
In unlicensed spectrum, before PDCCH/PDSCH transmission, gNB needs to perform LBT first. If the channel is sensed to be idle, gNB starts PDCCH/PDSCH transmission. If the channel is sensed to be busy, gNB continues performing LBT for later slot/mini-slot transmissions. Therefore, gNB needs to regenerate PDCCH/PDSCH DMRS sequence once the channel is sensed to be busy, which will increase the implementation complexity compared with that of PDCCH/PDSCH transmission in licensed spectrum. Therefore, some new mechanisms for the initialization of PDCCH/PDSCH DMRS might need to be studied, e.g. remove the time-varying parameter of [image: image12.png]
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.
Proposal 4: Time dependent DMRS initialization for PDCCH/PDSCH should be solved to avoid regeneration of data when LBT fails.
1.5. NR-U CORESET Configuration
Wideband operation is one promising case for NR-U to provide better throughput, e.g. 160MHz carrier. However, in 5GHz unlicensed band, gNB/UE needs to perform LBT per 20MHz. Thus, the CORESET configuration in frequency domain should take this into account to maximize the transmission opportunity of CORESET under LBT requirement. One straightforward way is to configure the UE with multiple search spaces associated with each 20MHz LBT bandwidth. In this way, as long as LBT succeeds at one 20MHz channel, PDCCH could be transmitted to schedule data transmission. If a NR-U UE is configured with one BWP with 160MHz, at least 8 CORESETs should be used to allow PDCCH transmit in a 160MHz BWP. However, Rel-15 spec only supports maximum number of CORESET is 3 per each BWP. This problem may be solved in one or more of the following options: 
· Option 1: Increase the number of CORESETS that can be configured for a UE in each BWP
· Option 2: Wideband CORESET with restricted PDCCH mapping.

· For wideband CORESET (e.g. 40MHz), introduce new CCE or REG mapping or bundling schemes for CORESET to avoid PDCCH candidate(s) mapped to multiple LBT bandwidth(s)
· Option 3: Flexible CORESET/search space configuration

· PDCCH monitoring within the CORSET is as its defined in Rel-15.

· However, CORESET/search space could be adapted flexibly in time-frequency domain, e.g.,

· The CORESET resource occupation is frequency hopping
· The search space resource occupation is frequency hopping
Proposal 5: Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier, i.e. 
· Increase the number of CORESETS that can be configured for a UE in each BWP;

· Wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET; 
· Flexible CORESET/search space configuration adapted flexibly in time-frequency domain.
1.6. Text proposal
The text proposal for modification of TR 38.889 v0.2.0 is proposed as follows:
In RAN1#94, the following agreement is made:

Agreement: 

· 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

· 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.
However, the note is not incorporated in the TR 38.889 v0.2.0 which indicates that DRS may not include RMSI/OSI/Paging in any case. Therefore, in certain cases (e.g. license assisted case), multiplexing of DRS and PDSCH will be beneficial to increase spectrum efficiency since DRS may not occupy the whole bandwidth. 
In addition, current TR includes DRS related issue only which is missing other aspects, e.g. initial signal, CORESET configuration and etc.  Therefore, the following text proposals are made:
	*************************************text proposal*****************************************

7.2.1.2
Physical layer channel designs

The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial. Note that this does not imply the above-mentioned signals in DRS (e.g. 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. Multiplexing of DRS and PDSCH is beneficial for increasing the spectrum efficiency when DRS doesn’t occupy the whole bandwidth.
Design of signals that facilitates DL transmission’s detection with low complexity (e.g. based on existing CSI-RS, DM-RS and etc.) is beneficial for improving UE power consumption. Besides, the information of COT could be delivered.
Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier through one or more of the following schemes: increase the number of CORESETS that can be configured for a UE in each BWP, wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET, or flexible CORESET/search space configuration adapted flexibly in time-frequency domain.
*************************************text proposal*****************************************


Proposal 6: Adopt the above text proposals in TR 38.889. 
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: Multiplexing of PDSCH and CSI-RS (and potentially other signals) in DRS occasion is needed and rate matching mechanism in this case should be considered for NR-U.
Proposal 2: It is beneficial to introduce sequence based initial signal in unlicensed spectrum, which can be used to indicate the acquisition of the channel by gNB, and

· The already defined physical signal is preferred to be reused as the initial signal, e.g., CSI-RS/DMRS.

· The information of COT can be delivered through the initial signal.


Proposal 3: PDSCH mapping type B should support any transmission duration from 1 OFDM symbol to 14 OFDM symbols.

Proposal 4: Time dependent DMRS initialization for PDCCH/PDSCH should be solved to avoid regeneration of data when LBT fails.

Proposal 5: Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier, i.e. 
· Increase the number of CORESETS that can be configured for a UE in each BWP;

· Wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET; 
· Flexible CORESET/search space configuration adapted flexibly in time-frequency domain.

Proposal 6: Adopt the above text proposals in TR 38.889. 
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