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Introduction 
In RAN1 #93, during the study on NR-based access to unlicensed spectrum the following agreement was made. 
	Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· 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
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· 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



NR DRS transmission 
Several aspects of NR DRS transmission were discussed in RAN1#93. One aspect is the composition of NR DRS signal. It is observed that in NR Rel-15, SSB+PBCH can be considered as the only always-ON transmission signals. Continuing on the same principle, it was agreed in RAN1#93 that SSB+PBCH is an essential component of NR DRS. We note that multiple physical channels and signals could be bundled within DRS and assigned the same high priority. In order to take full advantage of the acquired MCOT, RMSI and CSI-RS has been considered as potential candidates for inclusion within NR DRS. 
A related issue is the handling of gaps between successive SSB+PBCH instances as defined in Rel-15 in order to avoid additional LBT. This also provides a certain motivation to include RMSI and CSI-RS as part of NR DRS. However, it should be noted that the symbol gaps between SSB blocks serve several purposes in Rel-15 – it allows for PDCCH/PUCCH transmissions, it avoids symbols of unequal length within the SSB (the first symbol of each slot is longer than the other symbols for 15kHz). 
Another related issue is the requirement of occupied channel bandwidth (OCB). We note here that an SSB spans 3.6 MHz at 15 kHz and 7.2 MHz at 30 kHz. Both are larger than 2 MHz needed to take advantage of the temporal allowance. However in order to meet 80% OCB, inclusion of RMSI or CSI-RS into DRS can also be considered.
It has also been noted in RAN1#93 that NR DRS should consider to minimise the channel occupancy time. With this background, we provide some example scenarios to be considered below for NR DRS time duration.
NR DRS time duration
Considering NR Rel-15 SSB+PBCH structure to span 4 symbols, we propose to consider the minimum NR DRS time duration to be a fraction of a slot. An example of it is 4 symbols. The maximum time duration depends on the MCOT acquired (e.g. 5ms). In the following we show as a reference SSB transmission pattern type C for 30kHz and   examples of NR DRS duration of 4 symbols (SSB+PBCH), 12 symbols (two instances of SSB+PBCH+CSIRS). 

Proposal 1: Consider minimum NR-DRS time duration to be a fraction of a slot.
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(a) SSB transmission pattern type C for 30kHz in NR Rel-15
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(b) Example NR DRS transmission time duration of 4 symbols
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(c) Example NR DRS transmission time duration of 12 symbols


Figure 1: NR DRS transmission duration examples 4-12 symbols

DRS transmission opportunities

In NR Rel-15, each slot can support a maximum of 2 SSB transmission opportunities. However, only certain slots are allowed to transmit SSBs. Note that in NR Rel-15, 64 code-points are used to convey a SSB index. 3 bits are conveyed with PBCH-DMRS sequence and 3 bits are conveyed using MIB. Further it is specified that a designated location within a designated slot is associated with a unique SSB index which allows the slot/frame timing information to be discovered from SSB index.    

In order to cope with LBT it is proposed to extend SSB transmission opportunities to all the slots within a 5ms window. SSB indices together with slot/frame timing information can be conveyed using PBCH-DMRS sequence and PBCH payload. 

We consider two approaches in the following. In the first approach, we assume that a slot and symbol location is associated with a pre-determined SSB index (although there could be ambiguity in terms of frame timing). This approach, after LBT application may result in quite unequal number of transmissions for the different SSB indices over a longer term. This, as we explain below, may affect cell-quality determination.
 
In a second approach, we assume that a slot and symbol location is not associated with a pre-determined SSB index but rather it is up to the NW to schedule a certain SSB index (from a small set of possibilities) in a slot and symbol location. In this approach, the NW can control the frequency of the different SSB indices that are transmitted post-LBT over a longer term. 

One aspect to note is that for the purposes of beam tracking and receive beam refinement based on SSB indices (for UEs supporting RF Rx beamforming), it is desirable to be able to transmit SSB indices in pre-determined slot/symbol locations. Due to LBT, this may be difficult to achieve with either of the above approaches.
As an example we consider the following options for 15 kHz SCS.
15 kHz, L=4

We assume a 5ms window comprising of 5 slots and each slot supporting 2 SSB transmission opportunities. Total number of transmission opportunities is 10. Note that a transmission opportunity provides slot/frame timing information.

[bookmark: _Ref521262652]Table 1: Association of SSB index with SSB transmission opportunity
	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1

	Number of code-points
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Total codepoints
	10


  
In Table 1, we show a possible association of SSB transmission opportunities to SSB indices. Essentially SSB indices are cycled through the different transmission opportunities. Here SSB indices-0, 1 are each offered 3/10 transmission opportunities, SSB indices-2, 3 are each offered 2/10 transmission opportunities. The total number of code-points required for this case is 10.
[bookmark: _Ref521263412]Table 2: Association of SSB index with SSB transmission opportunity
	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of code-points
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Total codepoints
	40


  
In Table 2, we show another possible association of SSB transmission opportunities to SSB indices. In this case, any SSB index is allowed to be transmitted in any transmission opportunity. Here SSB indices-0, 1, 2, 3 are each offered the same transmission opportunities. Consequently the NW can schedule the transmissions of the different SSB indices in such a manner that post-LBT, all the SSB indices can be transmitted with approximately equal frequency over a certain duration of time. This is particularly beneficial for RRM measurements related to cell-quality where a UE may determine cell quality by linear averaging measurements from up to N best beams above a certain threshold. 
15 kHz, L=8

Based on the same concept as in Table 2, we can extend the principle to the case of L=8 while maintaining 64 code-points.

Table 3: Association of SSB index with SSB transmission opportunity
	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	6
	4
	2
	0
	6
	4
	2
	0
	6

	
	1
	7
	5
	3
	1
	7
	5
	3
	1
	7

	
	2
	0
	6
	4
	2
	0
	6
	4
	2
	0

	
	3
	1
	7
	5
	3
	1
	7
	5
	3
	1

	
	4
	2
	0
	6
	4
	2
	0
	6
	4
	2

	
	5
	3
	1
	7
	5
	3
	1
	7
	5
	3

	
	6
	
	
	
	7
	5
	
	
	
	4

	Number of code-points
	7
	6
	6
	6
	7
	7
	6
	6
	6
	7

	Total codepoints
	64


  
Here SSB indices 0-7 are each offered the same transmission opportunities (8/10). 

It can be observed from the above that if the number of code-points is limited to 64, then to offer the flexibility of transmitting any SSB index in any transmission opportunity a maximum of 6 beams (L=6) can be supported with 15kHz and a maximum of 3 beams (L=3) can be supported with 30kHz. It is worth noting that for unlicensed operation due to EIRP/PSD limitation, the benefit of narrow beams (that leads to an increased number of beams for coverage) is limited. On the other hand, the number of available code-points may be increased by assigning more bits in PBCH for conveying SSB index and frame-timing information. 

Proposal 2: Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.

RMSI transmission
In order to reduce LBT overhead for RMSI transmission, as well as to act as a filler for gaps between SSBs, RMSI transmission may be allowed as part of DRS transmission when required by the NW. In order to allow DRS transmission to start with SSB symbols we could consider RMSI CORESET located on both sides (in frequency) of an SSB+PBCH transmission block. RMSI CORESET DMRS may be QCL-ed with the naturally associated SSB in the same manner as in Rel-15. The physical resources of the RMSI CORESET can also be similarly signaled using a re-interpretation of the pdcch-ConfigSIB1 bits.  
[image: ]
Figure 2: Example of RMSI CORESET and RMSI transmission as part of DRS

Proposal 3: Consider allowing RMSI transmission within a NR DRS transmission window.

CSI-RS transmission
In order to reduce LBT overhead for CSI-RS transmission, as well as to allow RRM measurements, CSI-RS transmission may be allowed as part of DRS transmission when required by the NW. This follows, in part, the motivation and principle of LTE LAA DRS. In general, CSI-RS may be transmitted in the symbols following a SSB. Such a CSI-RS (one or more) may be configured to a UE and associated with a SSB index (not necessarily QCL). 
[image: ]
Figure 3: Example of CSI-RS transmission as part of DRS

Proposal 4: Consider allowing CSI-RS transmission within a NR DRS transmission window.

Mechanism for UE power saving 
In NR-unlicensed, it is preferable to have shorter TTI for many reasons; to better coexist with Wi-Fi with finer granularity in time in accessing the medium and fast turnaround, etc. There are two ways to shorten the TTI: 1) increase the sub-carrier spacing, and 2) utilize non-slot based scheduling. 
An increased transmission granularity in time implies, in turn, an increased PDCCH monitoring overhead. That is, a UE is required to monitor the PDCCH more often than longer TTI case. In this section, we discuss possible options to reduce the UE PDCCH monitoring overhead and thereby, reducing UE power consumption, while allowing shorter TTI operation of NR-unlicensed. 
PDCCH monitoring window concept 
The PDCCH monitoring window concept is depicted in Figure 3 below, in which a UE is configured with PDCCH monitoring window in addition to PDCCH monitoring periodicity and occasion, which had been already defined for Rel-15 NR. 



Figure. 4 Illustration of PDCCH monitoring window concept

The motivation of defining a window for PDCCH monitoring is to allow the gNB to transmit certain periodic PDCCHs (potentially with large periodicity) in conjunction with LBT. This allows for PDCCH transmissions that are slightly shifted in time due to LBT and are not perfectly periodic. Increasing the window duration will increase UE power consumption for PDCCH monitoring, but can provide an increased chance of PDCCH transmission. 
Introduction of wake-up signal for NR-unlicensed 
In Rel-15 LTE efeMTC WI, the design of a wake-up signal (WUS) is being conducted. The motivation of WUS is to enable a UE to perform a signal detection with very low hardware complexity (e.g., SSS), before deciding to proceed towards demodulation of PDCCH. The detection of a known sequence can be performed with a simple correlator block which can be separate from NR baseband hardware. With WUS mechanism, if WUS is not detected, or detected but indicating IDLE mode, then the UE can go back to sleep without proceeding to PDCCH decoding. Otherwise, the UE will wake-up and perform PDCCH decoding. The concept of WUS is illustrated in the figure below. 


Figure. 5 Illustration of wake-up signal operation [2]

In unlicensed band operation, due to LBT, there is no guarantee that a gNB can send PDCCH in a configured PDCCH monitoring occasion to a UE due to the LBT. If one considers to increase the PDCCH monitoring occasions by reducing the periodicity, it will result in more frequent attempts to decode PDCCH and increased power consumption. Therefore, with similar motivation as for MTC, the augmentation of WUS can be studied for NR-unlicensed. 
Proposal 5: It is proposed to study a mechanism to increase PDCCH transmission opportunities for NR-unlicensed while minimizing UE power consumption.
CORESET configuration in a wideband carrier 
NR supports wideband operation [3]. Consider that a UE is activated with a BWP that spans over multiple 20 MHz BWs as illustrated in the figure below. Consider that the UE is configured with a CORESET that belongs to one 20 MHz chunk. If the LBT is failed for that corresponding 20 MHz chunk, the UE cannot be scheduled even if the LBT is succeeded for other parts of BW. Such situation is illustrated in the left-hand side figure below. 
Observation 1: If the LBT is failed for bandwidth that contains configured CORESET, a UE cannot be scheduled even if the LBT is succeeded for other parts of the BWP. 
Note that in LTE, there was no such issue regarding PDCCH monitoring since a UE is either self-carrier scheduled, where DCI is sent in each CC, or cross-carrier scheduled by licensed Pcell. In order words, the unit of BW performing LBT and the CC BW are identical. 

[image: ]         [image: ]
  
Figure. 6 NR wideband carrier and multiple frequency domain CORESET configuration

One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain as illustrated in the right-hand side figure above. It is also noted that Release 15 NR already supports configuring up to 3 CORESETs in frequency domain that may overlap in time. Thus, the existing mechanism can be utilized to resolve the CORESET blocking issue on a wideband unlicensed carrier. 
Observation 2: One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain, which is already supported in Release 15 NR. 

Conclusion

In this contribution we considered several aspects of NR DRS signal design and PDCCH and CORESET related issues. The following proposals and observations were made: 
Proposal 1: Consider minimum NR-DRS time duration to be a fraction of a slot.
Proposal 2: Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.
Proposal 3: Consider allowing RMSI transmission within a DRS transmission window.
Proposal 4: Consider allowing CSI-RS transmission within a DRS transmission window.
Proposal 5: It is proposed to study a mechanism to increase PDCCH transmission opportunities for NR-unlicensed while minimizing UE power consumption.
Observation 1: If the LBT is failed for bandwidth that contains configured CORESET, a UE cannot be scheduled even if the LBT is succeeded for other parts of the BWP. 
Observation 2: One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain, which is already supported in Release 15 NR. 
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