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Introduction
In this contribution we discuss enhancements on DL signals and channels from the viewpoint of flexibility and power saving in NR-U. The related agreements in RAN1#94bis and RAN1#95 meetings [1][2] are as follow, 
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:
Adopt the following text for the TR:
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.

Note: This is an updated/revised submission of [3].

[bookmark: _Ref228947482]Discussion 
0. [bookmark: OLE_LINK67][bookmark: OLE_LINK66][bookmark: OLE_LINK69][bookmark: OLE_LINK68]PDSCH transmission
In LTE-LAA, a DL/UL transmission burst may start from subframe boundary or slot boundary according to the LBT result, i.e. at most 2 transmission opportunities in 1ms. In NR-U, it is desirable to have more starting positions to enhance the performance. According to the discussion in past meetings, currently three alternatives, i.e. Alt. 1 (option 1 only), Alt. 2 (option 1&2) [3] and Alt. 3 (option 1&3&4) [4], are on the table. For Alt. 1, combinations of one or more mini slots defined in Rel-15 NR is used for implementing flexible starting positions at the expense of complexity on gNB/UE. Because the gNB does not know beforehand which starting position will be used as that depends on the result of CCA, it needs to prepare multiple combinations of mini-slots. Both Alt. 2 and Alt. 3 intend to reduce such complexity. Concerning this complexity issue, it was agreed in RAN1#94bis that it is 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. Basically the TBS is pre-determined assuming the successful LBT at the earliest opportunity in the initial slot. 

[image: ]
Fig.  1. Initial slot with punctured PDSCHs corresponding to multiple starting positions 

The basic concept of Alt. 2 is shown in Fig. 1. The start of first PDSCHs/PDCCHs in initial slot can be shifted to the obtained starting position according to LBT procedure. The length of the PDSCH is adapted by puncturing the overflushed part from the initial slot. CBG-based (re)transmission can be used to mitigate the negative impact from puncturing. This method allows the gNB to schedule only once for initial slot, thus reduce complexity on scheduling and signal generation. It has to be noted that TBS can be changed in Alt. 2 depending on the start positions without additional spec impact as shown in Fig. 1. As the number of TBS changes according to the starting position increases, the complexity of Alt.2 becomes close to that of Alt. 1. In RAN1#96, there has been discussion on the comparison between these three alternatives. One contribution [4] has shown that the performance of Alt 2 is not stable [4]. The main reason is that TBS is fixed for all the starting positions in Alt. 2 in the simulation. By selecting TBS properly the performance can be stabilized. In addition, it has been pointed out that different alternatives require different consideration on MCS selection mechanisms and retransmission for better comparison. More details on comparison are summarize in Table 1. 

Table 1 Comparison between three alternatives
	
	Alt 1 (option 1 only)
	Alt 2 (option 1&2)
	Alt 3 (option 1&3&4)

	Preferred features in common
	Modification of DMRS sequence and TDRA to enable a design which does not require the generation of the first symbols containing PDCCH and DMRS for each starting position

	Scheduling efforts and number of PDCCH monitoring
(Number of PDCCHs scheduling PDSCH)
	Alt 1 > Alt 3 >= Alt 2

	Spec impact other than common feature
	none
	Feasible
	Feasible



Observation 1: As for Alt. 2 (option 1&2), multiple TBS can be applied depending on the starting position by Alt. 2  as shown in Fig. 1. No additional spec impact to increase the number of TBS. As the number of TBS change according to the starting position increases, Alt. 2 becomes close to Alt. 1 (option 1 only).
Observation 2: Alt. 2 can have a stable performance without additional spec impact by applying multiple TBS depending on the starting positions, e.g. TBS#1 if the starting position is in the first half of the initial slot, TBS#2 otherwise.
Observation 3: In comparison with Alt. 1 and Alt. 3, Alt. 2 requires least scheduling efforts at the gNB side in terms of number of PDCCHs and least PDCCH monitoring at the UE side.


Table 2 modification on TDRA for DL assignment
	
	For normal PDSCH 
(Rel-15 NR)
	For the PDSCH in an initial slot in unlicensed band

	Starting symbol (S)
	Symbol number in a slot
	Offset to the position of the PDCCH
(for Alt. 1, Alt. 2 and Alt. 3) 

	Length (L)
	Exact length of the PDSCH
	Length of the PDSCH including the punctured part. UE assumes that the symbols exceeding the slot boundary was punctured
(only for Alt. 2)



For the same reason as using a single TBS for multiple starting positions in an initial slot, NR-U design should also allow the gNB to not change the PDCCH in multiple starting position depending on the LBT outcome. To enable the reuse of the same PDCCH when the starting position changes, time domain resource assignment (TDRA) field needs to be redefined. In Rel-15 NR, TDRA consists of two elements, i.e. starting symbol and length. Table 2 shows an example that the same format of TDRA field with different interpretation is applied for normal PDSCH and the PDSCH in the initial slot. Starting symbol for a PDSCH in an initial slot can be reinterpreted as an offset to the position of the scheduling PDCCH for Alt. 1, Alt. 2 and Alt. 3. Length for that can be redefined as a length before puncturing in Alt .2.

Proposal 1: Support the use of same contents of PDCCH for PDSCH with multiple starting positions to reduce the generation complexity of the initial symbols of a DL burst. The same value but different interpretation as Rel-15 are used for TDRA scheduling the shifted PDSCH in an initial slot. 

Table 3 Two alternatives for punctured PDSCH
	
	PDSCH mapping type
	Length (L) of PDSCH before puncturing 
	Spec impact

	Alt 2-1
	Type  A
	gNB can select any L as far as L is not smaller than the length from the actual starting symbol to symbol #13

For example, L=14 when S < 8, L=6 when S>= 8
	In addition to the proposal 1, Type A with floating start position and DMRS position need to be defined.

	Alt 2-2
	Type B
	L=14 when S < 7, L=7 when S>= 7
	In addition to the proposal 1, new length of L=14 needs to be introduced.



Another issue that needs to be considered is whether PDSCH mapping type A or B to be applied to this initial slot with adaptive puncturing. In case of type A, new definition for DMRS position needs to be introduced for NR-U. In case of type B, length of 14 symbols can be introduced. An important thing is that the punctured method can also be applied to mini-slot in addition to full slot without additional spec impact. In Table 3, we provide typical examples of implementation of Alt 2 using either mapping type A or mapping type B. It can be seen that Alt 2-2 (mapping type B) has less spec impact while Alt 2-1 (mapping type A) allows more flexible selection of PDSCH length.

Proposal 2: Support Alt 2 (option 1&2). Further discuss whether to support one of or both PDSCH mapping type A (Alt 2-1) and type B (Alt 2-2).


Dynamic PDCCH monitoring
Considering the PDCCH monitoring efforts, the following three phases was raised by feature lead:
· Phase A: Outside of gNB’s COT
· Phase B: Beginning of gNB’s COT
· Phase C: Remainder of gNB’s COT
[bookmark: OLE_LINK273][bookmark: OLE_LINK274]As discussed in section 2.1, gNB may start transmission in the middle of a slot, as Phase B. It requires UE monitoring PDCCH in symbol-level accordingly for detecting a DL burst during Phase A. The main reason of introducing mini-slot scheduling in Rel.15 NR is for low latency. There is no such stringent service requirement in NR-U, and the scheduling flexibility already support scheduling a PUSCH with selective length and starting from any symbol in a slot. Accordingly, gNB is no need to transmit PDCCH so frequently during Phase C, and it is also necessary for UE power saving to change the PDCCH monitoring granularity to slot-level, as shown in Fig.2. 


Fig. 2 Dynamic PDCCH monitoring
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]The condition of changing the PDCCH monitoring granularity, implicit determination or explicitly signalled, was marked in previous agreement for further study. A UE may recognise a DL burst by the detection of a PDCCH or a DMRS sequence, but if UE have no idea of the COT structure (e.g., COT length or DL duration), it will not sure whether the following slot(s) belongs to gNB’s COT, i.e., Phase B or Phase C cannot be identified. Hence, it makes sense that UE change the PDCCH monitoring granularity conditioned on detecting a COT structure indication. After detected a COT structure indication, UE changes to monitoring PDCCH in slot-level during the DL duration of the COT which is indicated by the COT structure indication. The symbol-level and slot-level monitoring granularity can be configured in search space configuration. To minimize the specification effort, we found the time domain configuration parameters of search space in table 4 can be reused with some modified interpretation. For example, UE should monitor PDCCH in the ‘monitoringSymbolsWithinSlot’ configured resources during Phase A, and follows the ‘monitoringSlotPeridicityAndOffset’ and ‘duration’ configuration within a gNB’s COT (i.e., during Phase C). 
Table 4 Time domain configuration parameters of search space in Rel.15 NR
	Parameter
	description

	monitoringSlotPeriodicityAndOffset
	Slots for PDCCH Monitoring configured as periodicity and offset.

	duration
	Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset.

	monitoringSymbolsWithinSlot
	The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset and duration).



[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK267]Proposal 3: A UE monitors the PDCCH in symbol-level during Phase A. Once detected a COT structure indication in Phase B or C, the UE changes to monitor the PDCCH in slot-level during Phase C. 
· FFS: the search space configuration details on the symbol-level and the slot-level monitoring granularity.

COT structure indication
[bookmark: OLE_LINK121][bookmark: OLE_LINK122]In previous meeting, SFI in Rel.15 was identified as beneficial for indicating the COT structure. In Rel.15 NR, the search space of SFI can only be configured in the first three symbol of a slot. This slot-level search space may lead to SFI cannot be transmitted in a gNB’s COT which only configured with one DL slot, as shown in Fig.3. The UEs cannot get the COT structure information and other information carried by SFI in this situation. Therefore, it is necessary for SFI to follow the same monitoring principle that discussed in section 2.3, applying different PDCCH monitoring granularity outside and inside of a gNB’s COT. 


Fig. 3 SFI may not be transmitted in a gNB’s COT based on slot-level search space configuration

[bookmark: OLE_LINK285][bookmark: OLE_LINK286]Proposal 4: Support symbol-level search space configuration for DCI format 2-0 in NR-U.

[bookmark: OLE_LINK279][bookmark: OLE_LINK280][bookmark: OLE_LINK281][bookmark: OLE_LINK282]According to current SFI indication method, a later received SFI cannot overrides the previous receive SFI if they indicate overlapped slot(s), as Fig.4. That means when a UE detected a SFI, the UE has the knowledge of the COT structure, and the UL sharing information, etc., it can suspend monitoring SFI during Phase C depends on UE implementation. The symbol-level search space configuration for SFI may be enough, power saving can determined by UE itself. 

 
Fig. 4 SFI as a COT structure indication
[bookmark: OLE_LINK283][bookmark: OLE_LINK284]However, SFI as a COT structure indication also carries other common information for UEs. Whether other information need to be updated during Phase C,  and further whether gNB can extend the COT within the acquired MCOT, or the necessary of changing Rel.15 NR rule are need further study. 

[bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK125][bookmark: OLE_LINK126]Observation 4: According to the SFI indication method by GC-PDCCH in Rel-15 NR, a later received SFI cannot overrides the previous received SFI if they indicate overlapped slot(s). UE can suspend monitoring of SFI during Phase C for power saving depends on UE implementation. 
· FFS: Whether SFI as a COT structure indication need to be updated during Phase C. 

For the same requirement in FeLAA, the COT structure indication in NR-U at least including the following fields defined in common DCI format 1C in FeLAA：
· DL/UL symbol allocation information
· Two-stage grant PUSCH trigger field
· [bookmark: _GoBack]Configured grant UL sharing indication field
In addition, subband/CC usage information should also be included in the COT structure indication. The subband/CC usage information is used for UE to determine on which subband to stop PDCCH monitoring from the power saving viewpoint, details in our companion contribution [5]. And we discussed the necessity to support two-stage grant in NR-U in our companion contribution [6].

Conclusions
In this contribution, we discussed PDSCH transmission with flexible starting positions, PDCCH monitoring and COT structure indication. Based on the above discussion, we have following observations and proposals,
Observation 1: As for Alt. 2 (option 1&2), multiple TBS can be applied depending on the starting position by Alt. 2  as shown in Fig. 1. No additional spec impact to increase the number of TBS. As the number of TBS change according to the starting position increases, Alt. 2 becomes close to Alt. 1 (option 1 only).
Observation 2: Alt. 2 can have a stable performance without additional spec impact by applying multiple TBS depending on the starting positions, e.g. TBS#1 if the starting position is in the first half of the initial slot, TBS#2 otherwise.
Observation 3: In comparison with Alt. 1 and Alt. 3, Alt. 2 requires least scheduling efforts at the gNB side in terms of number of PDCCHs and least PDCCH monitoring at the UE side.

Proposal 1: Support the use of same contents of PDCCH for PDSCH with multiple starting positions to reduce the generation complexity of the initial symbols of a DL burst. The same value but different interpretation as Rel-15 are used for TDRA scheduling the shifted PDSCH in an initial slot.

Proposal 2: Support Alt 2 (option 1&2). Further discuss whether to support one of or both PDSCH mapping type A (Alt 2-1) and type B (Alt 2-2).

Proposal 3: A UE monitors the PDCCH in symbol-level during Phase A. Once detected a COT structure indication in Phase B or C, the UE changes to monitor the PDCCH in slot-level during Phase C.
· FFS: the search space configuration details on the symbol-level and the slot-level monitoring granularity.

Proposal 4: Support symbol-level search space configuration for DCI format 2-0 in NR-U.

Observation 4: According to the SFI indication method by GC-PDCCH in Rel-15 NR, a later received SFI cannot overrides the previous received SFI if they indicate overlapped slot(s). UE can suspend monitoring of SFI during Phase C for power saving depends on UE implementation. 
· FFS: Whether SFI as a COT structure indication need to be updated during Phase C.
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