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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to NR-U WID [1] the following topics related to DL channels will be specified.
-	For DL data channel, support of multiple PDSCH starting positions.
-	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 NR-U, the following consensus were captured in TR that [2]:
· 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. The options are not mutually exclusive.
-	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
· 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.

· The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s).

· 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 signaled by the gNB.

[bookmark: _Ref129681832]In this contribution, we mainly discuss enhancement on flexible starting positions for PDSCH/PUSCH, PDCCH transmission and monitoring, CORESET configuration in wideband operation. Considerations on the initial signal design and indication of COT structure are also discussed. 

[bookmark: OLE_LINK13][bookmark: OLE_LINK36]Flexible starting position for PDSCH
In LAA/eLAA/FeLAA, both DL and UL transmission should start and end at certain fixed points. To be more specific, using frame structure type 3, both DL and UL transmission could start at slot boundaries of every 0.5 ms. Since LBT generally ends at any time instance and is not aligned with symbol boundaries, the time period (max 0.5 ms) between the end of LBT and the possible start of a PDCCH/PUSCH transmission is wasted. Similar issue at the end of burst can be improved when more ending points are defined. In LTE LAA and FeLAA, OFDM symbol positions # [2 5 8 9 10 11 13] for DL and # [6 12 13] for UL can be used as partial subframe ending points, but it is still not flexible enough. Therefore, NR-U should provide more frequent start/ending points than LTE LAA/eLAA for more flexible transmission. 
The number of supported starting positions of PDSCH for NR-U shall be carefully investigated. Four schemes are evaluated and labelled scheme a, scheme b, scheme c and scheme d, respectively. DL transmissions starting on slot boundaries, 7OS mini-slot boundaries, 2OS mini-slot boundaries and 1OS mini-slot boundaries are taken into consideration. The transmission bandwidth is 20 MHz. HARQ processing time conforms to UE capability 1 with no additional DMRS. Other simulation assumptions follow latest RAN1 agreement. The simulation results of DL portion with a DL/UL mixed traffic are provided in Figure 1.
   

Figure 1 . Average UPT (Mbps) performance comparisons for flexible multiple points within per slot
Generally, more starting points provides better performance in all SCS cases due to reduced defer time. However, the gain becomes marginal when further increasing the number of starting points. It can be observed that for 15 kHz SCS the scheme d (14 start opportunities within a subframe) can only achieve a marginal performance gain compared with scheme c (7 start opportunities within a subframe ), and for 60 kHz SCS scheme b (8 start opportunities within a subframe ) is flexible enough compared with scheme c and scheme d. Note that UE requires more blind detection when more starting points are applied. Therefore, it is not necessary to support more than 8 possible starting points within a subframe considering the UPT performance gain and UE complexity. Note that the number of start position candidates is not necessary to be the same as the number of actual transmitted DCIs, e.g., only one mini-slot could be transmitted with the duration equal to the gap between LBT succeeds and the nearest slot boundary. In addition, it can be observed that increasing the SCS provides more gain than decreasing the gap between candidate starting points for a given SCS.
Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Proposal 1: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
When a UE is configured with a BWP of 60 kHz SCS, It is frequent enough to allow PDSCH start at either OS#0 or OS#7. A gNB can prepare two versions of the first PDSCH(s) in the burst corresponding to PDSCH mapping type A(slot-based  scheduling) and PDSCH mapping type B(half-slot based scheduling), which is similar as LTE LAA R13. 
When a UE is configured with a BWP of 15/30 kHz SCS, UE should be configured with more start point within a slot duration, e.g. every one or two OS.  According to NR R15, a gNB can prepare a series of PDSCH with same number of OS assuming PDSCH mapping type B (called uniform mini-slot) as well as a PDSCH with PDSCH mapping type A. For example in Figure 2, a gNB prepares 7 PDSCH in series with 2-OS each and 1 PDSCH with 14 OS. If LBT is successful on the 7th OS, 3 PDSCH of 2OS will be transmitted. Regarding that the less number of OFDM symbols in a mini-slot, the higher DMRS/control overhead is, 7-OS mini slot with 60 kHz SCS would have less overhead to achieve flexible start point. 


[bookmark: _Ref528072372]Figure 2 Flexible start points with uniform mini slot 
Considering there are only 3 mini slot length (2,4 and 7 OS) supported in R15 for PDSCH mapping type B, the DMRS/control overhead of the  uniform mini-slot scheme can be reduced by preparing 4 PDSCHs with length of 2, 4, 7 and 14 (full slot) symbols respectively (called non uniform mini-slot). The HARQ process can also be saved with reduced number of PDSCH using PDSCH mapping type B. The various combinations of 3 PDSCHs using mini-slot are illustrated in Figure 3, showing how multiple start positions can be realized. Compared with uniform mini slot scheme, fewer mini-slots need to be prepared at the gNB side. Besides, the overhead for the control channel and RS can be kept lower when larger mini-slot durations are applied. Note that all the possible starting position candidates by combining 3 mini-slot lengths provide sufficient starting points and scheduling flexibility for PDSCH transmission. 


[bookmark: _Ref528072922]Figure 3 Flexible start point with non-uniform mini slot 
[bookmark: _Ref528079231]Observation 2: PDSCH mapping types supported in NR R15 provide enough flexibility for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
[bookmark: _Ref528079246]Proposal 2: NR-U should consider the tradeoff between frequent start points and overhead introduced by scheduling large number of PDSCH with PDSCH mapping type B.
· When a UE is configured with a BWP of 60 kHz SCS, it is beneficial to allow DL burst starts from every 7-OS. 
· When a UE is configured with a BWP of 15/30 kHz SCS, it is beneficial to for a gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.
There are two ways a gNB can handle the symbols of mini-slot/slot transmissions which are occupied by the LBT procedure, either to discard or to postpone. Different choices might have different impacts on the design of common control signaling and periodic signals. For example, the multiple COT structure indication might be needed in every mini-slot if discarding option is considered while only one COT structure indication is needed in the first mini-slot if deferring scheme is used. The detection of periodic signaling such as CSI-RS will be different when distinct options are considered. The sequences on the DMRS of PDSCH and PDCCH for the slot/mini slot may also be impacted as they are related to slot/symbol index in NR R15.
[bookmark: _Ref528079252]Proposal 3: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The symbols of mini-slot/slot(s) is discarded if LBT fails on corresponding mini-slot/slot(s).
· Option 2: mini-slot/slot(s) transmission is deferred until the LBT succeeds and the symbols of mini-slot(s) beyond slot boundary is (are) punctured.

PDCCH transmission and monitoring in time domain
DL burst identification
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 how to identify the start of DL/UL burst. In DL, unnecessary PDCCH blind-decoding could be avoided by introducing ‘initial signal’ since it imposes high requirement of UE capability and significantly decreases battery life of the device. 
Aforementioned initial signal could consist of a cell specific identification sequence/signals simple and reliable to detect and a group common DCI to carry COT specific configuration, e.g. COT structure indication. As well as power saving at UE, the initial signal could provide extra functionalities, such as fine synchronization, phase tracking and spatial reuse and COT indication. Detection of PDCCH DMRS and a specific group common DCI at predefined PDCCH candidate(s) in the Type3-PDCCH common search space is preferred, which provides enough reliability and reuse the existing design as much as possible. Alternatively, 802.11a/ax preamble is also discussed for initial signal which allow NR-U adopting similar PD/ED threshold as WiFi system. However, it requires different implementation from NR/NR-U considering different numerology, modulation and coding schemes and etc, which might increase hardware cost at both gNB and UE side. The detection performance is also evaluated in our companion paper [3], showing 11a preamble has higher BLER than the scheme with PDCCH DMRS and group common DCI.
Proposal 4: NR-U should support initial signal for serving cell DL burst identification and COT structure indication. The initial signal could consist of PDCCH DMRS and a specific group common DCI in Type3-PDCCH common search space. 
Initial signal should be transmitted at the beginning of a DL/UL burst. Multiple transmissions of initial signal in time and frequency domain can provide better detection reliability 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 a UE will miss all resources allocated to it within the COT when missing initial signal, the signal could be further transmitted on a per slot basis, similar as CRS in LTE LAA. Furthermore, the initial 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 5: NR-U should consider multiple initial signal transmissions within a COT.
Indication of COT structure
In RAN1#94bis, it is identified beneficial to indicate COT structure. Currently in NR Rel.15, a set of slot format combinations can be provided by higher layer parameter, where each slot format combination in the set of slot format combinations includes the DL/UL configuration of one or more slot(s) and a mapping for the slot format combination to a corresponding SFI-index field value in DCI format 2_0. However, more requirement for COT indication in NR-U should be supported, e.g. flexible starting/ending position, UL transmission pause etc., further improvements of slot structure indication are required to support the COT indication. 
· Support Flexible starting/stopping position
If fully reuse the slot format indication for licensed band, it cannot well support the flexible indication of flexible starting/stopping position. 
Firstly, the monitoring occasions configured for DCI format 2_0 are not flexible. The monitoring occasions for DCI format 2_0 can only be configured with the granularity of one slot and it can only be configured within first 3 OFDM of the slot. Even if a UE is configured to monitor the DCI format in each slot and regardless of the detection errors of DL control channel, it still cannot guarantee that the UE can detect the DCI format 2_0. For example, if the COT is starting at the 4th OFDM symbol of a slot (i.e. a partial slot), UE cannot obtain the slot structure of the first partial slot. 
Secondly, the ending position of the indicated slot format combination has to be the slot boundary, since the minimum granularity of slot format indication is one slot. DCI format 2_0 indicates one of combinations within a set of slot format combinations configured by higher parameter, the indicated combination corresponds to the slot format of integer number of slots. Therefore, the ending position of the indicated slot formats has to be the boundary of a slot. In order to support flexible ending position of COT, further improvement should be introduced. 
[image: ]
Figure 4 Slot format indication of COT by DCI format 2_0 
· Support Pause functionality
In unlicensed band, ‘pause’ state has been introduced in LTE to facilitate the indication of a duration for UL grant. However, there is no ‘pause’ state can be indicated by DCI format 2_0. Currently, only 3 states for OFDM symbols are included, i.e. ‘D’ for DL reception for UE, ‘U’ for UL transmission for UE, ‘F’ for flexible. However, all of 3 states indicated by SFI has to follow pre-defined UE behavior to solve the conflict configuration between semi-static configured resource and dynamic indicated resource by SFI, and none of them can well support the UE behavior of ‘pause’.  For example, the UE behavior is given by following Table 1.  
Table 1: UE behavior for semi-static configuration and dynamic configuration.
(√: follows dynamic configuration by SFI, X: follows semi-static configuration,)
	Dynamic
configured
	Semi-static configured

	
	D
	U
	F

	DCI format
2_0
	D
	√
	X
	√

	
	U
	X
	√
	√

	
	F
	X
	X
	√


According to Table 1, if a resource is semi-statically configured as Downlink or Uplink, DCI format 2_0 cannot override the semi-static configured resource. It means that UE cannot fully ‘pause’. Moreover, if the ‘pause’ state is introduced for COT indication, UE behavior should be further defined. 
[bookmark: _Ref528587274]Proposal 6: NR-U shall support indication of the COT structure: 
· Monitoring occasions within a slot should be support for DCI format 2_0
· Partial slot format indication should be supported by DCI format 2_0 
· Pause state should be additionally supported by the indication of DCI format 2_0
Dynamic adjustment of PDCCH monitoring in NR-U
In NR R15, UE can be semi-statically configured to monitoring PDCCH within the first 3 OS of a slot or any OS of a slot or both. Different from the use case of URLLC, UE is only required to monitor PDCCH more frequently at the beginning of the COT. It allows NR-U to start transmission as soon as possible once the gNB passes LBT. Increasing the monitoring period in the remaining COT help reduce UE energy consumption on PDCCH blind detection. Thus, NR-U UE should support a PDCCH search space configuration which allows UE dynamically adjust monitoring periodicity depending on the start of DL burst, according to following steps:
1. UE detects the start of DL burst (e.g. based on the detection of initial signal, as discussed in the section 3.1, on every possible start position)
2. UE adjust the monitoring periodicity and offset of PDCCH search space(s) in the DL burst based on the start position of DL burst 
a. If the DL burst start from the slot boundary, UE monitors configured PDCCH search space(s) within the first 3OS of each slot in DL burst. 
b. If the DL burst start in the middle of slot, a UE monitors configured PDCCH search space(s) within the first 3OS of each slot after first slot boundary in DL burst.  Before the first slot boundary in the DL burst, The UE could also monitor UE specific PDCCH at every possible start point within a slot.  
An example is illustrated in Figure 5.
[image: ] 
[bookmark: _Ref534308333]Figure 5 dynamic adjustment of PDCCH monitoring
  
Proposal 7: NR-U should support a PDCCH search space configuration allowing different PDCCH monitoring occasion configuration before and after the first slot boundary of a COT in terms of UE power consumption.

Consideration on sequence generation of PDSCH/PDCCH DMRS within a COT 
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: Sequence generation of PDSCH/PDCCH DMRS for NR-U shall at least independent to symbol index within one slot to reduce implementation complexity of the gNB.

NR-U CORESET configuration and monitoring in wideband BWP
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 Figure 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: _Ref533769457]Figure 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 9: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.

Conclusions
In this contribution, we mainly discuss enhancement on flexible starting positions for PDSCH/PUSCH, PDCCH transmission and monitoring, CORESET configuration in wideband operation. Considerations on the initial signal design and indication of COT structure are also discussed. Based on the discussion, we have made the following observations and proposals:

Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Observation 2: PDSCH mapping types supported in NR R15 provide enough flexibility for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
Proposal 1: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
Proposal 2: NR-U should consider the tradeoff between frequent start points and overhead introduced by scheduling large number of PDSCH with PDSCH mapping type B.
· When a UE is configured with a BWP of 60 kHz SCS, it is beneficial to allow DL burst starts from every 7-OS. 
· When a UE is configured with a BWP of 15/30 kHz SCS, it is beneficial to for a gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.
Proposal 3: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The symbols of mini-slot/slot(s) is discarded if LBT fails on corresponding mini-slot/slot(s).
· Option 2: mini-slot/slot(s) transmission is deferred until the LBT succeeds and the symbols of mini-slot(s) beyond slot boundary is (are) punctured.
Proposal 4: NR-U should support initial signal for serving cell DL burst identification and COT structure indication. The initial signal could consist of PDCCH DMRS and a specific group common DCI in Type3-PDCCH common search space. 
Proposal 5: NR-U should consider multiple initial signal transmissions within a COT.
Proposal 6: NR-U shall support indication of the COT structure: 
· Monitoring occasions within a slot should be support for DCI format 2_0
· Partial slot format indication should be supported by DCI format 2_0 
· Pause state should be additionally supported by the indication of DCI format 2_0
Proposal 7: NR-U should support a PDCCH search space configuration allowing different PDCCH monitoring occasion configuration before and after the first slot boundary of a COT in terms of UE power consumption.
Proposal 8: Sequence generation of PDSCH/PDCCH DMRS for NR-U shall at least independent to symbol index within one slot to reduce implementation complexity of the gNB.
Proposal 9: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.
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