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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 aspects including [RAN1]:
-	For DL data channel, support of multiple PDSCH starting positions;
[bookmark: _Hlk532422148]-	Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption;
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 
In RAN1 Adhoc 1901 meeting, the following agreement is made [2]:
Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 

In this paper, schemes to enable multiple PDSCH starting positions, DL burst detection mechanism, dynamic PDCCH monitoring and DMRS initialization for PDCCH/PDSCH are discussed in the following sections.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk521582650]Multiple PDSCH starting positions
In TR 38.889, the following options are identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst:
-	Option 1: PDSCH(s) as in Rel-15 NR
-	Option 2: Punctured PDSCH depending on LBT outcome
-	Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
-	Option 4: PDSCH across slot boundary
To achieve multiple PDSCH starting positions within one slot, UE is assumed to monitor multiple symbol positions to detect PDCCH, i.e. frequent PDCCH monitoring. For different options, the transmission and reception behaviors are different in both gNB and UE side, which are described below:
For Option 1, gNB will prepare multiple small Type B PDSCHs in advance and transmit them once LBT succeeds. One example is provided in Figure 1.
[image: ]
[bookmark: _Ref534811096] Figure 1		Example for option 1 with multiple Type B PDSCHs
For Option 2, gNB will prepare a large PDSCH when scheduling (e.g. one slot TB) and puncture them from starting position of LBT success. One example is provided in Figure 2.
[image: ]
[bookmark: _Ref534811114]Figure 2		 Example for Option 2 with punctured PDSCH
For Option 3, it is a complementary scheme to option 1 and 2 to make them workable and more flexible. For example, in option 2, there is no spec support in current NR Rel 15 to indicate 10 symbols shown in Figure 2. So it is necessary to have PDSCH mapping type B with durations other than 2/4/7 symbols.
For Option 4, gNB will prepare one Type A PDSCH and shift it across slot boundary if it starts within one slot when LBT succeeds. One example is provided in Figure 3.
[image: ]
[bookmark: _Ref534811151]Figure 3 	Example for Option 4 with PDSCH across slot boundary
Based on the above understanding, the pros and cons are compared in the following table:
[bookmark: _Hlk534652298]Table 1		Pros and Cons comparison of 4 options
	Schemes
	Pros
	Cons

	Option 1
	Little spec impact
	Large PDCCH and DMRS overhead, complex gNB scheduling, more HARQ processes needed

	Option 2
	Less PDCCH and DMRS overhead, simple gNB scheduling, fewer HARQ processes
	Low decoding success probability due to puncturing for 1st TB, small spec impact

	Option 3
	Complementary to make option 1&2 more workable and flexible
	A little more signalling overhead, small spec impact

	Option 4
	Less PDCCH and DMRS overhead, simple gNB scheduling, less HARQ processes
	Large spec impact (e.g. DCI re-design), More UE complexity (e.g. buffering at least two slot)



From the above analysis, option 2 together with option 3 could achieve a good trade-off of performance, complexity and spec impact. Then the following proposal is made:
[bookmark: PP1]Proposal 1: NR-U support option 2 and option 3, i.e. punctured PDSCH depending on LBT outcome with durations other than 2/4/7 symbols.
[bookmark: _Ref521492551]DL burst detection 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. The following options are identified 
· Alt. 1: PDCCH DM-RS
· Alt. 1-1: UE specific PDCCH DM-RS
· Alt. 1-1-1: Narrow band DM-RS (e.g. 1, 2 or 4 CCEs)
· Alt. 1-1-2: Wideband DM-RS (e.g. 8 CCEs)
· Alt. 1-2: GC-PDCCH DM-RS
· Alt. 1-2-1: Narrow band DM-RS (e.g. 4 CCEs)
· Alt. 1-2-2: Wideband DM-RS (e.g. 8 CCEs)
· Alt. 2: CSI-RS
· Alt. 3: PSS/SSS like signal
The comparison of the above options is summarized in terms of performance, complexity, spec impact, flexibility and information capability in the following table:
Table 2		Pros and Cons comparison of 4 options
	Schemes
	Performance
	Complexity
	Spec impact
	Flexibility
	Information 

	Alt. 1-1-1
	Bad 
	Bad
	Good
	Bad
	Normal

	Alt. 1-1-2
	Good
	Good
	Normal
	Bad
	Normal

	Alt. 1-2-1
	Normal
	Good
	Good
	Good
	Good

	Alt. 1-2-2
	Good
	Good
	Normal
	Normal
	Good

	Alt. 2
	Good
	Good
	Good
	Good
	Normal

	Alt. 3
	Normal
	Good
	Bad
	Bad
	Normal



From performance aspect, the comparison is determined from evaluation of miss detection performance based on the simulation assumptions provided in Annex. As shown in Figure 4, wideband DM-RS (Alt. 1-1-2 and Alt. 1-2-2) and CSI-RS (Alt. 2) could achieve better performance, e.g. the performance of PDCCH DMRS in 8 CCEs has about 3dB gain compared with PDCCH DMRS in 4 CCEs. For Alt. 1-1-1, its performance is bad since there are less PRBs used for narrow band DM-RS with low aggregation level. Except Alt. 1-1-1, other Alts can achieve acceptable performance in terms of miss-detection performance assuming 1% target false alarm rate, i.e. <1% misdetection rate when SNR=-2dB, where almost 100% NRU UEs are operating above according to system level evaluation observation.
[image: ] 
[bookmark: _Ref534658219]Figure 4	Performance of DL burst detection signal

From complexity aspect, it is determined by the number of correlation times for different alternatives. UE specific PDCCH is most probably configured with multiple aggregation levels and candidate positions to enhance scheduling flexibility, e.g. AL=1,2,4. For Alt. 1-1-1, UE needs to detect the narrow band DM-RS blindly in all candidate PDCCH positions which leads to higher complexity. Wide band DM-RS could alleviate this since DM-RS is spanning in the whole CORESET by Alt. 1-1-2. For GC-PDCCH, it is broadcast to a group of UEs and thus it is always with large ALs, e.g. AL=4,8. With large AL, the number of PDCCH candidates is limited, i.e. 1 or 2. Then the complexity for Alt. 1-2-1 could be kept low. Obviously, Alt. 1-2-2 will have even less complexity. For other Alts, the complexity will be low if small number of sequences (e.g. 1-4) is assumed for one UE. 
From spec impact aspect, Alt. 1-1-1, Alt. 1-2-1 and Alt. 2 are mandatory existing NR signals in Release 15 so NRU could reuse them with little spec impact. Since wideband DM-RS is optional in NR Release 15, it needs to become mandatory if it is used for NRU as DL burst detection signal. For Alt. 3, although PSS/SSS is existing signal, it is only used in SSB as one integrated block. If PSS/SSS without PBCH is used for DL burst detection, this is one new kinds of signal which new configuration design. Besides, they should be carefully designed to meet some basic requirement such as OCB requirement, multiplexing with other channel (e.g. PDSCH) and etc. This should introduce more spec impact than others.
From flexibility aspect, different Alts are analyzed in time domain and frequency domain:
-	In time domain, for Alt. 1-1-1 and Alt. 1-1-2, the DM-RS monitoring position is coupled with search space of UE specific PDCCH scheduling data. Referring to discussions in Section 2.1, frequent UE specific PDCCH monitoring is the basis of multiple PDSCH starting positions, e.g. PDCCH monitoring every 2 symbols as shown in Figure 1. Thus, Alt. 1-1-1 and Alt. 1-1-2 may occur in multiple symbol positions so that UE needs to monitor multiple positions within one slot. Similarly, for Alt. 1-2-1 and Alt. 1-2-2, the DM-RS monitoring position is coupled with search space of GC-PDCCH which could be flexibly configured since it is not scheduling data. For Alt. 2, CSI-RS could also be configured flexibly by RRC signalling. For Alt. 3, in order to avoid misunderstanding with PSS/SSS in SSB, there will be some limitation, e.g. better not to be used in DRS window. In general, there will be some restrictions for Alt. 1-1-1, Alt. 1-1-2 and Alt. 3 in time domain;
-	In frequency domain, wideband DM-RS has obvious limitation since it needs to span the whole configured CORESET even when PDCCH is in part of it. As a result, PDCCH multiplexing between multiple UEs is limited in the CORESET, i.e. only PDCCH for the UEs with the same beamforming and configured scrambling ID could be multiplexed. This restriction will apply to both Alt. 1-1-2 and Alt. 1-2-2. For Alt. 3, PSS/SSS’s transmission bandwidth is 7.2MHz, which is not meeting OCB requirement in unlicensed band. Besides, PSS/SSS may mislead cell search UEs when they coincide with sync raster. Thus, there will some restrictions for Alt. 1-1-2, Alt. 1-2-2 and Alt. 3 in frequency domain.
From information aspect, although the DM-RS sequence is fixed according to PDCCH configuration and transmission time and can’t convey additional information, the coupled PDCCH could deliver some information to the UE(s). For Alt. 1-1-1 and Alt. 1-1-2, the coupled UE specific PDCCH could convey additional information to one scheduled UE only; For Alt. 1-2-1 and Alt. 1-2-2, the coupled GC-PDCCH could convey information to a group of UEs as also described in Section 2.3. CSI-RS and PSS/SSS could carry information bits by different sequences to all UEs, which will degrade the detection performance. From the evaluation result, carrying 2bits information along with CSI-RS and SSS is still acceptable in terms of performance. Thus, Alt. 2 and 3 is feasible to carry small information bits to the UEs.
Based on the above analysis and summary in Table 2, Alt. 1-2-1, Alt. 1-2-2 and Alt. 2 are better candidates for DL burst detection signal. Then the following proposal is made:
[bookmark: PP2]Proposal 2: NR-U UEs could use GC-PDCCH DM-RS or CSI-RS to detect the DL burst based on configuration.
Dynamic PDCCH monitoring
In TR 38.889 [2], the following agreement is achieved in NRU SI:
	Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.


In this text, it mentions the following two options to change the PDCCH monitoring:
· Opt. 1: implicit determination at UE side in different phases;
· Opt. 2: UE follows gNB’s explicit signalling to change the PDCCH monitoring dynamically.
For Opt. 1, it is important that UE and gNB have the same understanding on the phase switching point, which is difficult to achieve in every case. Once there is mismatch, UE’s scheduled data may be lost due to different monitoring occasion understanding. Thus, Opt. 1 is not a good and robust way to change UE PDCCH monitoring. For Opt. 2, UE follows gNB’s signalling to change the PDCCH monitoring occasions which is more robust compared to Alt. 1. Then the following proposal is made:
[bookmark: PP3]Proposal 3: NR-U supports dynamic PDCCH monitoring by explicit signalling.
There are two ways to convey this signalling, one is UE specific PDCCH and the other one is GC-PDCCH. If reusing UE specific PDCCH that schedules the data, the non-scheduled UEs couldn’t change the PDCCH monitoring for saving power. If introducing additional UE specific PDCCH to signal the information, the overhead is too much when signalling to multiple UEs. GC-PDCCH could solve the above problems very well, i.e. it conveys the information that which occasion needs to be monitored in certain slot within one duration. Then UE determines the monitoring occasions by combining both RRC configured one and GC-PDCCH’s signalled one. In this way, both scheduled and non-scheduled UEs could save power consumption with less monitoring occasions. Besides, as proposed in 2.2, GC-PDCCH DM-RS is a good candidate for DL burst detection signal and these two functions could be coupled as follows:
· Step 1: UE performs detection of GC-PDCCH DM-RS in configured GC-PDCCH occasions; 
· If GC-PDCCH DM-RS is detected, go to step 2; 
· Otherwise, do step 1;
· Step 2: UE detect information from GC-PDCCH and change PDCCH monitoring accordingly.
Note that GC-PDCCH could also deliver information on COT, UL/DL configuration beside PDCCH monitoring occasion indicator, which helps the UE determine which symbol(s)/slot(s) should be monitored. 
[bookmark: PP4]Proposal 4: GC-PDCCH could deliver information on PDCCH monitoring indicator, COT information, and UL/DL configuration to help UE determine PDCCH monitoring occasions. Besides, its DM-RS could be also used as DL burst detection to trigger UE specific PDCCH monitoring. 
DMRS initialization for PDCCH/PDSCH
In NR Rel 15 [3], for PDCCH/PDSCH DMRS generation, the pseudo-random sequence generator shall be initialized with
  /
[image: ]
where  is the OFDM symbol number within the slot,  is the slot number within a frame. That is, the initialization of PDCCH/PDSCH DMRS is a function of time domain variables of l and .
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  l and .
[bookmark: PP5]Proposal 5: Time dependent DMRS initialization for PDCCH/PDSCH should be removed to avoid regeneration of data when LBT fails.
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: NR-U support option 2 and option 3, i.e. punctured PDSCH depending on LBT outcome with durations other than 2/4/7 symbols.
Proposal 2: NR-U supports GC-PDCCH DM-RS or CSI-RS as DL burst detection signal.
Proposal 3: NR-U supports dynamic PDCCH monitoring by explicit signalling.
Proposal 4: GC-PDCCH could deliver information on PDCCH monitoring indicator, COT information, and UL/DL configuration to help UE determine PDCCH monitoring occasions. Besides, its DM-RS could be also used as DL burst detection to trigger UE specific PDCCH monitoring. 
Proposal 5: Time dependent DMRS initialization for PDCCH/PDSCH should be solved to avoid regeneration of data when LBT fails.
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Annex-Simulation parameters
Table 2 	Simulation parameters for miss-detection performance of DL burst detection signal
	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
	1%

	Number of RS sequence candidates for CSI-RS/SSS
	1 and 4 candidate sequences for 1bits and 2bits carried by RS sequence, respectively

	CORESET BW
	48 RB

	PDCCH Aggregation Level
	2/4/8
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