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1. [bookmark: _Ref528834461]Introduction
A study item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-75 in March, 2017. In RAN1 meeting #94bis, it is agreed that [2]:
Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
Agreement:
The following options have been 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
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.
Agreement:
In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.


To ensure fair resource sharing between devices in unlicensed bands of operation, a listen before talk (LBT) protocol is adopted in both Wi-Fi and LTE based LAA/eLAA. With LBT, due to the random nature of the transmission opportunities, implementing schedule based transmission is quite challenging. On the other hand, once a device obtains a transmission opportunity via LBT, the device should transmit as early as possible for efficient channel utilization. For the reasons discussed above, it is important for NR-U to support a flexible frame structure and numerology that enables data transmission with low overhead. To support such flexibility, however, additional signaling overheads and receiver complexity may become an issue in NR-U design. 
In this contribution, we will discuss the issues mentioned above, and provide options for possible solutions.
2. Non-slot based operation and subcarrier spacing for NR-U
NR introduces very flexible frame structure with various subcarrier spacing (SCS) and slot formats (e.g., DL only, UL only and bi-directional slot formats). Furthermore, via the introduction of mini-slot operation, the PDSCH resource allocation is very flexible and can start from almost every symbol in a slot. In RAN1#92-bis [3], it is already agreed that NR-U supports both Type-A and Type-B mapping as in NR. Based on this agreement, even with the restricted mini-slot lengths of 2-, 4-, or 7-symbols for DL, the PDSCH transmission (without gap) could still start at almost any symbol position if we allow multiple mini-slots to be allocated within a slot. For UL, since the mini-slot length and starting symbol are not restricted in NR, NR-U UL transmission (without gap) could therefore start at any symbol position.
Observation 1: With Type-A and Type-B mapping supported in NR-U, DL and UL transmissions could start at almost any symbol position within a slot.
We next consider possible mappings between Transport Blocks (TB) and slots. Specifically, given a partial slot followed by several full length slots in a COT, we discuss how we should partition the data into TBs, and map them to these slots. We start by showing example figures of the various options agreed in RAN1#94-bis [2].
Before the gNB can transmit a TB it first needs to calculate the TB size corresponding to each mini-slot according to the MCS and the number of OFDM symbols for each corresponding mini-slot. Data is partitioned according to the TB sizes calculated. The TBs are then encoded, and finally mapped onto the corresponding mini-slots. LBT success can occur at any time, therefore, this process needs to be done ahead of time by the gNB so that it may immediately start transmitting. This implies that the time at which LBT may succeed is completely unknown to the gNB, and the gNB needs to be ready to transmit regardless of how many symbols that may be left in a partial slot. Unless the size of initial transmit is known a-priori, the gNB will need to continuously re-build different TB and or mini-slot combinations while it waits for access to the channel(s). The intension of the first agreement from RAN1#94-bis [2] is to try to avoid this behavior.
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[bookmark: _Ref528680646]Figure 1 Option 1: PDSCH(s) as in Rel-15 NR
The hopefully immediately obvious concern with Option 1 as shown in Figure 1 is that it appears to violate the spirit of the first agreement from RAN1#94-bis [2] of “not requiring the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome”. Another lesser concern is with the use of multiple mini-slots to fill the entire partial slot allocation. With each mini-slot comes significant PDCCH and DMRS overhead to support the reception of this by the UE. Likewise, this does not completely mitigate the requirement for a reservation signal since certain partial slot sizes cannot be built from the currently agreed mini-slot sizes of 2-, 4- or 7-symbols. For example a 1-, 3- or 5-symbol partial slot will still need a 1-symbol reservation signal. This will lower the potential throughput that can be achieved. There is also a concern over the fact that if one of the min-slots from the partial slot were to fail their integrity check at the UE upon reception and therefore would need re-transmitting. Presumably this would be done by mapping this shorter TB onto a full slot with excessive redundancy relative to the desired MCS target code rate which would be wasteful of the allocated resources. To alleviate the waste one could argue for carving up the whole slot into same size mini-slots on which the HARQ-NACKed TB was carried to make space for a HARQ re-transmission of this failed initial mini-slot TB. This problem then perpetuates as there is equal or greater likelihood of these new mini-slot TBs from the full slot also failing, Re-transmission of mini-slots in this way also reduces the gNB scheduling flexibility. Finally, for a given code family (either BG1 or BG2) and code rate, a smaller TB carried in a mini-slot would experience extra performance penalty when compared to the larger TB carried on subsequent full slots. Worse still the different size TBs might fall either side of the transition values for LDPC BG1 or LDPC BG2 such that the mini-slot TBs would be encoded with LDPC BG1 while the others would be encoded with LDPC BG2.
Observation 2: Type-A and Type-B slot lengths together are insufficient to cover every possible partial slot length immediately following a successful LBT. 1-, 3- or 5-symbol partial slots will still need a 1-symbol reservation signal.
Next we provide a discussion on Option 2 of the agreement from RAN1#94-bis [2]. This can be seen in Figure 2.
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[bookmark: _Ref528681214]Figure 2 Option 2: Puncture in place (at the beginning) or puncture at the end
Again, the concern with Option 2 as shown in Figure 2 is that there will be an almost certain need for a re-transmission of the first and last TB of the COT as some CBs are either heavily or completely punctured away. Some of this punctured loss can be mitigated by the use of re-transmissions of code block groups (CBGs), however, CBG signaling is not a mandatory option and therefore may not be utilized, in which case the entire TB will need re-transmission, even the CBs that were actually transmitted and more than likely also been decoded correctly, leading to wasted utilization of the available resources and a reduced throughput user experience. Secondly, CBG will only realistically be used for very large TBs meaning that re-transmission of entire smaller TBs is again an almost certainty. There is a small chance that lightly punctured very small TBs (that are not segmented into multiple CBs because of their size) might be recovered by channel coding. However, this is very quickly eroded by the fact that systematic LDPC information is carried on higher likelihood constellation points and therefore spread across the entire CB RE mapping, implying that puncturing even a small number of OFDM symbols will also lead to puncturing of systematic information. All of this together implies that TBs punctured in this way will not in all likelihood ever be self-contained within a single COT.
Next we provide a discussion on Option 3 of the agreement from RAN1#94-bis [2]. This can be seen in Figure 3.
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[bookmark: _Ref528682242]Figure 3 Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
The hopefully immediately obvious concern with Option 1 as shown in Figure 3 is that it appears to also violate the spirit of the first agreement (really an observation) from RAN1#94-bis of “not requiring the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome”. It does mitigate the excessive PDCCH and DMRS overhead seen in Option 1 since there would now be only a single mini-slot spanning the entire partial slot. There would also not be any need for a reservation signal. However, the issue of how to facilitate the re-transmission of a mini-slot mentioned in Option 1 still remains with Option 3.
Since it was agreed that the proposed options from the agreement are not considered mutually exclusive we now propose some combinations of these options that serve to address some of the concern previously listed.
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[bookmark: _Ref528685221]Figure 4 Option 1 + Option 2 + Option 3 + Option 4: NR rate-match to fit, with slot aggregation if CR too high
First we present an option that utilises NR channel coding rate-matching to achieve partial slot full utilization, as shown in Figure 4. This should not be confused with puncturing, even though it is effectively also implementing puncturing, the difference between the two being what information is punctured. This can be considered a combination of all the proposed options since it a) uses NR rate-matching which b) could include puncturing. It c) utilizes the full partial slot as if it were a full slot and d) aggregates this with neighboring full slots if the partial slot is too small to achieve a sensible CR. One can consider this option as borrowing bit positions from one end of the COT to pad out bit positions at the other end of the COT. In this option a TB for the partial slot is prepared assuming a full slot is available. The encoded code word is then rate-matched and mapped onto the partial slot. In the case of no slot aggregation, as shown at the beginning of the COT, the effective code rate will be higher than or equal to the MCS target code rate. If this effective code rate become too high, it might be better to consider aggregating this partial slot with the next full slot. Depending on the starting CR as defined by the MCS, one may be required to aggregate partial slots and full slots at both ends of the COT. A specific redundancy version, RV, could be selected for this that is different from RV = 0 on the assumption that this has a high likelihood of failure anyway and would be useful incremental redundancy for in any re-transmission. The value of RV could be chosen differently based of the actual number of symbols used. The advantage of this option is that TB size selection and encoding into HARQ buffers need only be done once, however, constellation mapping and resource mapping will still need to be done on-the-fly. The other added advantage of this option is all TBs would be of near equal size, therefore rescheduling any of them would not require special treatment, unlike would be the case for any mini-slot re-transmission as described for Option 1.
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Figure 5 Option 3 + Option 4: Full slot first, mini-slot next
Next we consider an option that always transmits one full slot first, directly after a successful LBT, followed by a Type-B mini-slot in the next slot to fill up any remaining partial slot. This can be considered a combination of Option 3 and Option 4 since a) it uses any length mini-slots b) it spans an initial slot boundary. Another way to visualise this would be to temporarily shift the frame timing (only from the perspective of the PDSCH) of the transmission only to re-align it in the subsequent frame. This has the benefit that the gNB needs to build the first full slot just once, in advance, and then has this entire full slot worth of time to build any desired partial slot, once the length becomes known after LBT success. This option alleviates any need for on-the-fly preparation of a slot or mini-slot to be transmitted, including that of constellation mapping and resource mapping.
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[bookmark: _Ref528848413]Figure 6 Option 1 + Option 2 + Option 3 + Option 4: Full slot first, NR rate-matching next
Lastly we consider the option of combining the two previous options discussed. This is shown in Figure 6. First a full slot of transmission is prepared and mapped onto the channel as soon as LBT passes. This first full slot will in all but the slot aligned case, span a slot boundary. Next the remaining partial slot now in the second (full) slot of the COT is transmitted using NR channel-coding rate-matching. It is essentially the same as the option shown in Figure 4, except the NR channel coding rate-matched partial slot is moved to after one full slot of transmission has occurred, i.e. we swap the position of the first full slot and the partial slot. It can also be considered a combination of all the proposed options since it a) uses NR rate-matching which b) could include puncturing. It c) utilizes the full partial slot as if it were a full slot and d) aggregates this with neighboring full slots if the partial slot is too small to achieve a sensible CR. One can again consider this option as borrowing bit positions from one end of the COT to pad out bit positions at the other end of the COT. In this option a TB for the partial slot, now in the second slot of the COT, is prepared assuming a full slot is available. The encoded code word is then rate-matched and mapped onto the partial slot. In the case of no slot aggregation, the effective code rate will be higher than or equal to the MCS target code rate. If this effective code rate become too high, it might be better to consider aggregating this partial slot with the next full slot. Depending on the starting CR as defined by the MCS, one may be required to aggregate partial and full slots at both ends of the COT. A specific redundancy version, RV, could be selected for this that is different from RV = 0 on the assumption that this has a high likelihood of failure anyway and would be useful incremental redundancy for in any re-transmission. The value of RV could be chosen differently based of the actual number of symbols used. This option does, however, alleviate the concern with the option described in Figure 4 where the gNB would still need to rebuild the OFDM symbol on-the-fly from constellation mapping onwards. Here there would no need to on-the-fly rebuild and an entire OFDM symbol can be prepared ahead of time before LBT outcomes are known, and then has this entire full slot worth of time to build any desired partial slot, once the length becomes known after LBT success.
Observation 3: NR rate-matching, slot aggregation and full slot first all help alleviate the concerns with Option 1, Option 2 and Option 3.
Observation 4: For the partial slot located at the beginning of a COT, it may be beneficial to consider slot aggregation (partial slot + the next full slot) when the number of symbols within this partial slot is relatively small.
Below we present a table of all the options discussed above highlighting the disadvantages we observe with each presented option. Where the option applies to a single option from the agreement from RAN1#94-bis [2], this option is parenthesized in the title. It is worth highlighting in green that on-the-fly transmission rebuild was agreed in [2] as something to strive to avoid. If there is any opportunity to down-select then options that violate this should be the obvious candidates to eliminate first.
Table 1: Disadvantages of various options
	Option
	Tx rebuild
	HARQ re-Tx in next COT
	Needs reservation signal
	Mini-slot re-Tx
	Higher PDCCH overhead
	Coding with diff LDPC BG
	CR won’t match MCS
	Lowered T-put
	Spec change

	NR mini-slots (1)
	X
	
	X
	X
	X
	possible
	
	X
	

	Puncture first (2)
	
	X
	
	
	
	
	
	X
	X

	Puncture last (2)
	
	X
	
	
	
	
	
	X
	X

	(3) More mini-slots
	X
	
	
	X
	
	possible
	
	
	X

	NR rate match
	Constellation map onwards
	
	
	
	
	
	X
	
	X

	Full slot first, mini
	
	
	
	X
	
	possible
	
	
	X

	Full slot first, RM
	
	
	
	
	
	
	X
	
	X



Proposal 1: For the partial slot located at the beginning of a COT, NR-U should support any length partial slot allocation to a mini-slot for flexible TB to slot mapping using techniques such as NR rate matching and slot aggregation.
Proposal 2: To alleviate the need for any on-the-fly rebuilding of the initial transmission at the beginning of a COT after LBT success, always proceed with a full 14-symbol slot transmission first, followed by an NR rate-matched partial slot that may or may not be aggregated with the slot directly after the partial slot.
We now present an overhead analysis for various SCS options. As our baseline, in LAA, DL transmission could start at the first or second slot boundary of a subframe. With a subcarrier spacing of 15KHz and assume uniform distribution of the transmission opportunities, the average temporal gap between time of LBT clearance  and time of immediately following slot boundary  is  0.25ms. For a small packet transmission (e.g., 1 sub-frame only, which lasts only 1ms), this means a 25% overhead. Furthermore, to avoid the channel being occupied by other devices in this gap, a reservation signal needs to be transmitted. This further reduces the operation efficiency in terms of power consumption and measured spectral efficiency. Now consider NR with subcarrier spacing of 60KHz. In this case, an OFDM symbol has duration of 17.84us. If the mini-slot feature of NR is enabled, the average temporal gap between time of LBT clearance  and time of the immediately following symbol boundary  is 8.92us. For a 1ms transmission, the overhead is 0.89%, which is nearly 30 times smaller than that of LAA. Table 2 summarizes the overhead analysis for various SCS supported in NR-U. From the table, we can see that larger SCS yields smaller overhead, and the overhead corresponding to small SCS becomes significant as Transmission duration is reduced. Finally, it is worth noting that according to the current LBT specification, a reservation signal may still be needed for SCS of 15KHz and 30KHz in order to prevent other devices from “stealing” the transmission opportunity.
[bookmark: _Ref513647053]Table 2: Overhead Analysis for Various SCS for NR-U Operation
	SCS ()
	Symbol Duration (
	  (
	Overhead (             (assuming 1ms Tx duration)
	Overhead (          (assuming 0.5ms Tx duration)

	15
	71.35
	35.68
	3.57
	7.14

	30
	35.68
	17.84
	1.78
	3.57

	60
	17.84
	8.92
	0.89
	1.78



Observation 5: Larger SCS enjoys less overhead for both DL and UL transmission.
Observation 6: Reservation signal may still be needed for SCS of 15KHz and 30KHz.
Proposal 3: NR-U should consider SCS of 60KHz for DL and UL transmission.
3. Wideband Operation
	Agreement: (RAN1 #93 [4])
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz


Both carrier aggregation (CA) and bandwidth part (BWP) adaptation mechanisms are supported in NR for wideband operation. In NR-U, we think both mechanisms should be supported as well since they offer different benefits. With CA, the access channels are not necessarily to be contiguous to each other. But it takes longer time to activate and deactivate a carrier component (the activation time and deactivation time of a carrier can be tens of milliseconds). BWP is adopted to NR in order to provide more dynamic and efficient control over wideband operation (the activation delay of BWP is 2 to 3 milliseconds). When UE is in a low activity stage such as idle or inactive modes, UE can stay on a narrowband BWP so that it can save its power significantly. Power saving is very important to UEs. In addition, for high traffic load, using a single wideband carrier results in a better spectral efficiency since the gap duration for CA is larger than that of a single wideband. For example, the percentage of gap for CA and single wideband channel is shown in Table 3. For the CA case, we assume there are 4 CCs with 20 MHz channel bandwidth per CC. For the single wideband case, we assume the bandwidth is 80 MHz. From the table, we can see that the gap of CA is two time larger than the gap of the single wideband.  
[bookmark: _Ref528829955]Table 3 Percentage of gap for CA and single wideband channel
	Percentage of gap (sum of gaps/80 MHz, %)

	Subcarrier spacing (kHz)
	30
	60

	CA (4CCs, each of 20MHZ)
	5.03
	8.31

	Single wideband channel (80MHz)
	2.31
	3.63


Hence, we think BWP should be adopted to NR-U. 
[bookmark: _Ref521417633]Proposal 4: BWP-based operation should be adopted to NR-U for wideband operation.

3.1. BWP-based operation within a carrier with bandwidth larger than 20 MHz
In RAN1 meeting #94bis, for a serving cell configured with bandwidth larger than 20 MHz, it was agreed that [2]:
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied

In the following table, we list the pros and cons of the four options.
[bookmark: _Ref528826699]Table 4 Comparison of the options for BWP-based operation
	
	pros
	cons

	Option 1a
	· Best spectral efficiency
	· The activated BWPs may be non-contiguous, which leads to RF issues.
· The number of BWP configuration is large in order to cover all the combination due to LBT (to achieve best efficiency).
· DCI overhead is increased due to activate multiple BWPs.
· CSI measurements are required for multiple activated BWPs.
· The number of PDCCHs to be monitored is large due to multiple activated BWPs, which leads to the problem for DCI size budget (i.e., # of DCI sizes per slot, # of C-RNTIs per slot and total # of RNTIs per slots).
· Since the number of BDs per CC is fixed, increasing the # of activate CCs leads to higher PDCCH blocking rate in a CC.
· The gNB needs to prepare the PDSCHs for all combinations of BWPs.

	Option 1b
	· Good spectral efficiency
· The BWP used for transmission is contiguous.

	· The number of BWP configuration is large in order to cover all the combination due to LBT (to achieve best efficiency).
· CSI measurements are required for multiple activated BWPs.
· The number of PDCCHs to be monitored is large due to multiple activated BWPs, which leads to the problem for DCI size budget (i.e., # of DCI sizes per slot, # of C-RNTIs per slot and total # of RNTIs per slots).
· Since the number of BDs per CC is fixed, increasing the # of activate CCs leads to higher PDCCH blocking rate in a CC.
· The gNB needs to prepare the PDSCHs for all combinations of BWPs.

	Option 2
	· No spec. impact for BWP operation. 
· BWP operation in Rel-15 can be reused.
	· Worst spectral efficiency.


	Option 3
	· Best spectral efficiency

	· The data transmission on the active BWP may be non-contiguous in frequency, which leads to RF issues.
· Uncertainty on PDSCH in frequency domain due to LBT. To solve this problem, gNB can prepares PDSCHs for all possible LBT outcomes.


From Table 4, although option 2 has least spec. impact, it leads to a great loss in spectral efficiency. For example, assume the channel bandwidth is 40 MHz. Assume only 20 MHz of the channel bandwidth is occupied by other transmission. When option 2 is used, there will be no data transmission even if the other 20 MHz of the channel is free. Although option 1a and option 1b can achieve better spectral efficiency than option 2, the main concerns on these two options are
· Much more spec. change 
· The increased complexity at both gNB side and UE side due to 1) multiple activated BWP configurations, 2) PDCCH blind decodes on multiple BWPs, and 3) multiple TB sizes are prepared for each possible LBT outcome.
For options 3, it can also achieve spectral efficiency but with less spec. change and complexity than option 1a/1b. Although the data transmission on the active BWP may be non-contiguous in frequency, it seems not to be a big problem. For example, we can add some constraint on the partial part to ensure that data transmission is contiguous in frequency.
Proposal 5: Option 3 should be supported for BWP-based operation within a wideband carrier.

3.2. CORESET monitoring for the channel with wider bandwidth 
In NR, the channel bandwidth can be very large (e.g., 100MHz for sub6 and 400MHz for mmWave). For the channel with wider bandwidth, applying LBT on the whole bandwidth is not efficient. For example, suppose the channel bandwidth is 100 MHz and only part of the channel bandwidth is occupied by other device (e.g., 20 MHz in the channel is busy). Using the whole bandwidth LBT, the gNB cannot perform any transmission even if most of the resources in the channel are free. To improve the spectral efficiency, subband LBT can be used. In RAN1 #92bis [3], the following agreement was made for the unit of LBT.

	Agreement: (RAN1 #92bis)
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.



From the agreement, the LBT unit is 20 MHz for NR-U when absence of Wi-Fi cannot be guaranteed. Although using multiple LBT units for a single channel with wider bandwidth can provide the benefit on spectral efficiency, there is a problem on how to determine the frequency domain resource of the CORESET with the uncertainty of LBT. For example, as shown in Figure 6, suppose the bandwidth of the channel is 80 MHz. To improve spectral efficiency, the LBT is performed for each 20 MHz subband. Suppose three CORESETs are configured for the UE, where CORESET#1 is located in subband #2, CORESET#2 is located in subband #3, and CORESET#3 is located in the union of subband #1, #2, and #3. When the LBT results of subband #2 and 3 are “channel busy”, the PDCCHs cannot be transmitted in neither CORESET#1 nor CORESET #2. For CORESET #3, only part of the frequency resources is available. Thus the PDCCH cannot be transmitted in CORESET #3 if it has large aggregation level or interleaved structure.


[bookmark: _Ref521412471]Figure 7: CORESET for the channel with wider bandwidth
Observation 7: NR-U should consider the CORESET design for the single wideband channel.
To solve the problem that CORESETs may be unavailable for PDCCH transmission, the frequency location of the CORESET should be varied with the results of LBT. That is, the frequency location of the CORESET is changed per TXOP. Figure 7 shows the example of CORESET adaptation. In this example, since subband #2 and #3 are busy, the CORESETs are moved to other subbands. For the current TXOP, CORESET#1 is located in subband #1, CORESET#2 is located in subband #4, and CORESET#3 is located in the union of subband #1 and #4. Since the location of the CORESET is changed per TXOP, it is necessary to have a common understanding between the gNB and UE. For example, UE can determine the location of the CORESET by detecting PDCCH DMRS on all possible subband combinations. However, there are some concerns on using PDCCH DMRS:
· For narrow band PDCCH DMRS, since DMRS only appears in the candidate where PDCCH is transmitted, there is a trade-off between the detection performance and PDCCH blocking rate. For example, assume the aggregation level of the PDCCH is one and the bandwidth of the channel is 20 MHz. In this case only 6*3=18 DMRS REs can be used for detection. Note that in LAA 400 CRS REs can be used for the same channel bandwidth (100 RBs*2 REs per RB*2 OFDM symbols=400 CRS REs). If the aggregation level of the PDCCH is 8, 8*6*3=144 DMRS REs can be used. Although using higher aggregation level can increase the number of DMRS REs, the PDCCH blocking rate will be increased.
· For wideband PDCCH DMRS, there is a trade-off between the detection performance and PDCCH decoding performance. In LTE, space-frequency block coding (SFBC) is used for PDCCH. Since SFBC can provide sufficient space-frequency diversity gain, a robust PDCCH decoding performance can be achieved. In NR, since the number of transmit antenna can be large, a DMRS based solution is used for PDCCH and precoder cycling is used to provide the frequency diversity gain. However, when wideband PDCCH DMRS is used, the precoder is the same for all the REG bundles, which lead to a poor PDCCH decoding performance. One solution for solving this problem is to use small-delay cyclic delay diversity (SCDD). When SCDD is used, an artificial delay will be introduced and thus the equivalent channel becomes more frequency-selective. The frequency selectivity would lead to a degradation in the detection performance of PDCCH DMRS. Thus it is a trade-off between the detection performance and decoding performance. 
· For NR PDCCH, the location of the DMRS REs is not contiguous in frequency. It’s more like the RE-based interlace structure, which leads to worse detection performance.
· The PDCCH DMRS is hard to carry the assisting information (e.g., COT structure), which can be utilized by the UE. As discussed in [5], if the UE knows the COT structure, it could avoid monitoring slots which do not contain PDCCH (e.g., UL only slots). For UL, knowing the COT structure will allow the UE to prepare for UL transmissions within the COT. 
Observation 8: For narrow band PDCCH DMRS, there is a trade-off between the DMRS detection rate and PDCCH blocking rate.
Observation 9: For wideband PDCCH DMRS, there is a trade-off between the DMRS detection rate and PDCCH decoding performance.
Observation 10: PDCCH DMRS is not suitable to carry the information of COT structure.
If both narrow band and wideband PDCCH DMRS are supported in NR-U, determining the location of the CORESET by PDCCH DMRS seems not to be the best solution. Another solution is to use the preamble to inform UE the location of the CORESET for the TXOP, wherein the preamble can be designed to have a more robust detection performance.
Proposal 6: For the single wideband operation, the frequency-domain location of the CORESET should be adjusted according to the results of LBT.
Proposal 7: Preamble can be used to indicate the location of the CORESET.


[bookmark: _Ref521419211]Figure 8: CORESET adaption with the results of LBT
4. Conclusion
In summary, we have the following observations:
Observation 1: With Type-A and Type-B mapping supported in NR-U, DL and UL transmissions could start at almost any symbol position within a slot.
Observation 2: Type-A and Type-B slot lengths together are insufficient to cover every possible partial slot length immediately following a successful LBT. 1-, 3- or 5-symbol partial slots will still need a 1-symbol reservation signal.
Observation 3: NR rate-matching, slot aggregation and full slot first all help alleviate the concerns with Option 1, Option 2 and Option 3.
Observation 4: For the partial slot located at the beginning of a COT, it may be beneficial to consider slot aggregation (partial slot + the next full slot) when the number of symbols within this partial slot is relatively small.
Observation 5: Larger SCS enjoys less overhead for both DL and UL transmission.
Observation 6: Reservation signal may still be needed for SCS of 15KHz and 30KHz.
Observation 7: NR-U should consider the CORESET design for the single wideband channel.
Observation 8: For narrow band PDCCH DMRS, there is a trade-off between the DMRS detection rate and PDCCH blocking rate.
Observation 9: For wideband PDCCH DMRS, there is a trade-off between the DMRS detection rate and PDCCH decoding performance.
Observation 10: PDCCH DMRS is not suitable to carry the information of COT structure.
Based on these observations, we propose that
Proposal 1: For the partial slot located at the beginning of a COT, NR-U should support any length partial slot allocation to a mini-slot for flexible TB to slot mapping using techniques such as NR rate matching and slot aggregation.
Proposal 2: To alleviate the need for any on-the-fly rebuilding of the initial transmission at the beginning of a COT after LBT success, always proceed with a full 14-symbol slot transmission first, followed by an NR rate-matched partial slot that may or may not be aggregated with the slot directly after the partial slot.
 Proposal 3: NR-U should consider SCS of 60KHz for DL and UL transmission.
Proposal 4: BWP-based operation should be adopted to NR-U for wideband operation.
Proposal 5: Option 3 should be supported for BWP-based operation within a wideband carrier.
Proposal 6: For the single wideband operation, the frequency-domain location of the CORESET should be adjusted according to the results of LBT.
Proposal 7: Preamble can be used to indicate the location of the CORESET.
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