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1 [bookmark: _Ref178064866]Introduction
In this paper we discuss various aspects of PDSCH and PDCCH design. The discussions are based on the prioritization proposed by the guidance on essential functionality for NR-U [17].
2 DMRS design for PDSCH type B transmission
[bookmark: _Hlk534210292][bookmark: _Hlk7641921]In the previous meeting, the following was agreed in the NR-U agenda, targeting the special request from TEI-16 enhancements for DSS [18]:

Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:

	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
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	[image: ], 7
	[image: ],4,7
	[image: ],4,7

	10
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· 
If the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and if at least one of the DM-RS symbols corresponding to the PDSCH allocation collides with resources reserved for at least one of the symbols of a LTE CRS transmission, shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots

Conclusion:
· PDSCH type B durations 9,10 will not be optimized for double symbol DM-RS for avoiding LTE-CRS collisions


2.1 Proposal for procedure related to Type B 
These are the remaining issues on this procedural topic of PDSCH Type B scheduling:

1. In case of any length of Type B scheduling, whether to adopt the Rel-15 principle of moving the DM-RS in case of collision with a search space/CORESET
2. In case of length 10, there is special handling if the DM-RS collides with CRS. A similar handling exists in Rel-15 for collision of DM-RS with configured CORESET. In case both CORESET and CRS exists, the behaviour is not decided.
3. In case of length 10, and when LTE-CRS patterns are configured, if in one scheduling occasion the DM-RS doesn’t collide with CRS, for example in an LTE MBSFN subframe, then the behaviour is not decided (the FFS point from the agreement above).

For the first issue, the Rel.15 principles for Type B scheduling needs to be maintained, to allows placing a CORESET in the beginning of the Type B duration. We therefore propose to extend the text in TS 36.211 to be valid for any PDSCH Type B mapping duration as follows (considering also the change in the alignment CR from previous meeting R1-1909800):
[bookmark: _Toc21379915]If the front-loaded DM-RS of the PDSCH mapping Type B allocation of any duration collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs.

Now, for the second issue, if the text in this proposal is processed first, then the new DM-RS position may collide with a configured CRS, in this case, the agreement from previous meeting should be applied afterwards. This is a logical priority since a CORESET cannot collide with a LTE CRS anyway.  


[bookmark: _Toc21379916]For length 10 PDSCH of mapping Type B, the moving of DM-RS to avoid CORESET collision is processed first and then based on the new DM-RS position, the condition on whether at least one DM-RS symbols collides with LTE CRS is further applied which may imply that shall be incremented by one additional symbol

For the third issue, it can be observed that the duration 10 PDSCH Type B may be placed in several possible positions in the slot. Hence, whether to move the DM-RS when colliding with CRS needs to be decided on a case by case basis. Note that in Type A scheduling, the DM-RS is moved to a new position for duration 13 and 14 whenever LTE CRS is configured, irrespectively of whether in a certain slot there an actual collision or not. This principle is more difficult to apply to Type B scheduling since the start and stop positions of the PDSCH is variable. Hence, we propose:



[bookmark: _Toc21379917]The increment of  by 1 when at least one DM-RS symbol collides with LTE CRS is decided on a per PDSCH scheduling occasion. To exemplify, if in some slot the scheduled PDSCH Type B of duration 10 doesn’t collide with LTE CRS (e.g. in a configured LTE MBSFN subframe), then the increment of  by 1 does not apply.  
 
It shall also be noted that duration 10 has a special treatment here when collision with LTE CRS occurs. The behavior when LTE CRS collides with DM-RS for other durations have not been discussed. To simplify, we can support the following proposal:
[bookmark: _Toc21379918]If a scheduled PDSCH Type B DM-RS collides with LTE CRS, for durations other than 10, the UE can ignore the scheduled assignment.


2.2 Proposal for DMRS patterns for remaining PDSCH Type B lengths
In this section, our proposal for DMRS patterns for all the remaining lengths other than length 9 and 10 are given, as the pattern for length 9 and 10 was agreed last meeting. It is observed that for PUSCH, scheduling of length 3 to 13 is already supported and hence, the DMRS patterns used for PUSCH Type B can be reused for those entries where Rel.15 doesn’t already provide entries. It is assumed in the following a DMRS pattern also for length 14 PDSCH Type B although this is still FFS. 

The principles used for the DM-RS of the full range of PDSCH Type B durations are thus:

· Reuse DMRS positions from PUSCH Type B for the new PDSCH Type B durations except for length 9 and 10 where the agreements were made already last meeting
· Reuse DMRS positions from PDSCH Type B with extended CP also for normal CP case, when applicable
· Both single and double symbol DMRS is supported for Type B scheduling of new durations (as they are for the Rel-15 durations)
· For duration of 5 symbols and longer, and single-symbol DM-RS, one additional symbol is supported (dmrs-AdditionalPosition=’pos1’)
· For duration of 8 symbols and longer, and double-symbol DM-RS, one additional DM-RS symbol position is supported (dmrs-AdditionalPosition=’pos1’)
· For duration of 5 symbols and shorter, with one additional symbol (dmrs-AdditionalPosition=’pos1’), double-symbol DM-RS is not supported (as in Rel.15)
· Procedures for determining  follows Rel.15 principles. 
Following these principles, we have this proposal in:

[bookmark: _Toc21379919]The PDSCH DM-RS positions for single and double symbol DMRS are given in Table 1 and Table 2 respectively. 

[bookmark: _Ref21105017]Table 1 (from 36.211 Table 7.4.1.1.2-3): PDSCH DM-RS positions for single-symbol DM-RS 
	 in symbols
	DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
	1
	2
	3
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	-
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	-
	-
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[bookmark: _Ref21105037]Table 2 (from 36.211 Table 7.4.1.1.2-4): PDSCH DM-RS positions for double-symbol DM-RS
	 in symbols
	DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	0
	1
	2
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3 Dynamic PDCCH Monitoring
In the NR-U WID [1], the following objectives are listed
-	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, PDCCH monitoring information per search space is configured via RRC. For each configured search space, the following parameters are included:
· monitoringSlotPeriodicityAndOffset: Slots for PDCCH Monitoring configured as periodicity and offset
· monitoringSymbolsWithinSlot: The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring. The most significant (left) bit represents the first OFDM in a slot, and the second most significant (left) bit represents the second OFDM symbol in a slot and so on. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot.

Type B PDSCH mapping (also informally called mini-slots) can be started in any OFDM symbol in a slot. This is helpful for NR unlicensed nodes to get access to the channel with finer granularity. In order to save PDCCH and DM-RS overhead, the gNB may schedule Type B PDSCH mapping in the first part of a COT up to a slot boundary, and then switch to scheduling type A PDSCH mapping for the remainder of the COT. An example is shown in Figure 1 where the gNB performs LBT and starts data transmission by using Type B PDSCH mapping within slot n immediately after LBT succeeds. In succeeding slots (i.e. slot n+1, n+2, n+3) within the TXOP, the gNB switches to Type A PDSCH mapping transmission to save processing overhead. To match TXOP requirements, the last slot may need to be a partial slot transmission which is already supported by Type A PDSCH mapping in NR Rel-15 through signaling of start and length indication value (SLIV).
[image: ]
[bookmark: _Toc525720707]Figure 1 Example of NR-U PDSCH and PDCCH transmissions and UE PDCCH monitoring
Without any further indication other than the RRC configuration of search spaces, UEs that are not scheduled need to perform the same PDCCH monitoring pattern for Type B mapping even if the gNB does not intend to use scheduling of type B PDSCH, e.g. every 2 symbols in slot n+1, n+2 etc. This is costly and a waste in terms of complexity and power consumption.

Option A (Search space monitoring cancellation)

[bookmark: _Hlk17900194]Power savings in this situation can be enabled using the following procedure. The UE is configured with different search spaces for monitoring for type A PDSCH and type B PDSCH mapping. When the gNB gets access to the channel, it can use Rel-15 signaling [4] via the GC-PDCCH to cancel the type B PDSCH mapping monitoring occasions in the slots where the gNB does not intend to use scheduling for Type B PDSCH. If the UE doesn’t receive a GC-PDCCH, that cancels a particular monitoring occasion, the UE continues to monitor it.

[bookmark: _Hlk17899308]The following example is illustrative of how Rel-15 behavior could be used by the gNB. In unlicensed spectrum there is no assurance when transmission can occur due to the channel access mechanism, therefore the gNB does not provide tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated to the UE nor should it indicate all symbols to be flexible using these configurations. Hence, the UE will monitor all search spaces configured to it. These can include search spaces both for type A and type B PDSCH. When the gNB obtains access to the channel, it can send a GC-PDCCH indicating the symbols corresponding to the monitoring occasions in the current and upcoming slots to be flexible. As per Rel-15 behavior, clause 11.1.1 in [4] (see Appendix I), the UE will then stop monitoring for PDCCH in these symbols. The gNB can provide such information either through one or multiple GC-PDCCH messages during the channel occupancy and for monitoring occasions within the channel occupancy. The UE continues to monitor Type B PDSCHs in occasions for which no additional information has been received via the GC-PDCCH and hence, monitoring naturally reverts to be more frequent when the channel occupancy ends. 

[bookmark: _Toc21379857][bookmark: _Toc525720714]Dynamic indication of the cancellation of the more frequent (mini-slot based) PDCCH monitoring occasions via GC-PDCCH signaling is already possible through existing procedures in Rel-15.

However, the drawback with the Rel-15 behavior is that all the Blind Decodes (BDs) of the configured search spaces on the cancelled symbols will be lost. This reduces the possible number of UEs that can be scheduled within a slot i.e. loss of scheduling opportunities. One way to alleviate this is limiting the number of BDs in mini-slot monitoring occasions as well as number of mini-slots scheduled within a slot e.g. only a few mini-slots are scheduled to be monitored within a slot each with 2 or 3 BDs, with one/two USSs and one CSS.

[bookmark: _Toc21379858]Reusing Rel-15 mechanism for symbol level cancelation of PDCCH monitoring occasions results in loss of number of Blind Decodes per slot. However, the number of BDs loss can be minimized by limiting number of mini-slots scheduled and/or BDs per monitoring occasion within a slot.

Option B (Search space switching)

However, some companies argued that the number of BDs lost might be unacceptable in some scenarios and proposed dynamic switching between different search spaces by indication in GC-PDCCH. In that case, the signaling should be done explicitly for two reasons. First is to maintain the scheduling flexibility of the gNB, second if GC-PDCCH is sent more than once during the COT it might carry COT-SI information without intention to indicate any switching of search spaces.

[bookmark: _Toc21379859]Since GC-PDCCH might need to be sent more than once during gNB shared COT and for different reasons e.g. among others COT-SI indication, dynamic switching of search space monitoring should be performed explicitly via a field in GC-PDCCH. 

In case it is agreed to introduce signaling of dynamic switching of monitoring occasions via GC-PDCCH, a search space, e.g., mini-slot search space can be configured as default search space within a slot, possibly at different LBT bandwidths/carriers so that UE only monitors the mini-slot monitoring occasions before receiving any indication in GC-PDCCH. In addition, other search spaces, e.g., slot-based search spaces possibly in different LBT bandwidth/carriers can be configured so that, when indicated in GC-PDCCH, UE(s) can switch to monitor slot-based search space(s). If more than one slot-based search space is configured e.g. on different LBT Bandwidths, the one that UE needs to be monitored can be indicated via the same GC-PDCCH. The same mechanism, i.e. explicit signaling in GC-PDCCH, can be used to inform the UE to switch back to the mini-slot based search space when needed e.g. at the end of the gNB shared COT.

[bookmark: _Toc21379920]The dynamic PDCCH monitoring mechanism is realized by one of the following options
a. [bookmark: _Toc21379921]Reusing Rel-15 mechanism of PDCCH monitoring occasion via GC-PDCCH signaling
b. [bookmark: _Toc21379922]Dynamic switching among different search spaces is indicated via GC-PDCCH, furthermore: 
i. [bookmark: _Toc21379923]Search space(s), e.g., mini-slot and/or multi-subband PDCCH search space(s) can be configured to be monitored by UE as default monitoring search space(s) 
ii. [bookmark: _Toc21379924]Search space(s), e.g., slot-based monitoring search space(s) (located in a single subband) can be configured for UE to monitor when indicated in GC-PDCCH
iii. Switching between different search spaces to monitor (e.g., mini-slot/multi-subband and slot-based search spaces) is explicitly indicated in GC-PDCCH. 
Furthermore GC-PDCCH indicates which search space the UE needs to monitor after switching, in case more than one search space is configured. 
Note: The explicit indication applies to switching from one search space to another one and vice-versa, e.g., mini-slot to slot based, as well as switching from slot-based to mini-slot based monitoring.  

The search space configuration in frequency domain can be done according to the scheme explained in our contribution on wideband operation ‎[20]. According to this design each CORESET is configured within an LBT bandwidth while a specific search space can be defined as multiple non-overlapping frequency domain (FD) monitoring locations within a BWP. With this design GC-PDCCH monitoring is configured in different CORESET locations in frequency domain for the same symbol occasions. And if configured, the DMRS at each one of these CORESET locations is available for GC-PDCCH detection. Since GC-PDCCH will likely need to be sent with a high aggregation level (e.g., AL≥8) to reach the coverage edge of the cell, the associated DMRS is already covering the entire 20 MHz bandwidth. Therefore, there is no need to configure a wideband GC-PDCCH with corresponding DMRS across the whole bandwidth.

[bookmark: _Toc21379860]With GC-PDCCH transmission, configuration of wideband DMRS across the whole bandwidth is not needed. 

4 [bookmark: _Toc521503146][bookmark: _Toc521660569][bookmark: _Toc521660635][bookmark: _Toc521660672][bookmark: _Toc521660731][bookmark: _Toc521660777][bookmark: _Toc521660889][bookmark: _Toc521660943][bookmark: _Toc521660964][bookmark: _Toc521503028][bookmark: _Toc521503147][bookmark: _Toc521660570][bookmark: _Toc521660636][bookmark: _Toc521660673][bookmark: _Toc521660732][bookmark: _Toc521660778][bookmark: _Toc521660890][bookmark: _Toc521660944][bookmark: _Toc521660965][bookmark: _Toc4697229]COT Structure Indication 
In LTE-LAA, indication of cell specific “subframe configuration for LAA” of two consecutive subframes to a group of UEs is specified using DCI with CRC scrambled by CC-RNTI. The advantage of group common signaling, among other things, is for the UE to make decisions on deferring PDCCH monitoring and/or to defer sensing the medium for the purposes of UL transmissions, e.g., transmission of scheduling requests (SR), which results in less power consumption. The LAA group common information DCI carries the following fields [6] that are related to subframe structure and COT sharing:

· Current and next subframe configuration.
· UL duration and offset which provides UEs the possibility of using CAT2 LBT for transmission when DL-UL switching occurs within the shared COT. 
· 1-bit COT sharing indication for AUL which means AUL transmission can be performed according to specifications within the UL part of the COT.
4.1	DCI format 2_0 for COT structure indication
For the same reasons as LAA, we observe that functionality to provide information on the COT structure, LBT type and information to control AUL transmissions would benefit NR-U as well. It was highlighted during the SI phase that DCI 2_0 can be used for COT structure indication [2]:
“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.”

Looking at DCI format 2_0 for group common signaling, we can observe that it can already provide highly flexible dynamic slot formats for combinations of up to 256 slots in NR. The related RRC parameters can be modified and new ones can be added to use the same DCI format 2_0 for indication of all information necessary for NRU as explained in more details in the following. 
In NR Rel-15, DCI format 2_0 is carried by Group Common-PDCCH (GC-PDCCH) and it consist of so-called “Slot Format Indicator” or “SFI-index” for configured number of serving cells as described in clause 7.3.1.3.1[6]. Each SFI-index field DCI 2_0 indicates a format for each slot for a period of transmission. 

Each SFI-index simply points to a slotFormatCombinationID for a specific serving cell indicated by ServingCellId, which are part of a configured RRC parameter called slotFormatCombinationsPercell. One or more serving cells can be configured each with a slotFormatCombinationPerCell via the RRC parameter slotFormatIndicator [14] (see Appendix II). 
Each slotFormatCombinationID provides a mapping to a set of slot formats called slotFormatCombination, which is essentially the indication of TDD pattern that is expected by the UE for current and potentially future slots. Table 3 shows the mapping between each slotFormatCombinationID and a set of slot formats. 
Each serving cell is configured with a parameter called positionInDCI, which indicates where UE can find the SFI index field for that specific cell. This pattern provides enough flexibility to address large number of cells with slot format indication. 
[bookmark: _Ref16868177]Table 3: RRC configuration of slot format combination table (maximal configuration). Each entry in the table is an SFI pointing to a row in Table 11.1.1-1. The maximum number of combinations is 512, and the maximum number of slots for a given combination is 256.

	Slot Format Combinations ID
	Slot-0
	Slot-1
	
	Slot0255

	0
	SFI0,0
	SFI0,1
	
	SFI0,255

	1
	SFI1,0
	SFI1,1
	
	SFI1,255

	
	
	
	
	

	511
	SFI511,0
	SFI511,1
	
	SFI511,255



Note that Table 3 shows the maximal configuration. A typical configuration may include many fewer rows and columns.

Figure 2 illustrates an example of slotFormatCombinationPerCell configuration, for a serving cell with ServingCellID = 3 and the positionInDCI = 8 which means the SFI-index for the serving cell starts at bit 8 (counting from 0). As we can see 4 slot format combinations are configured for this cell each with a slotfomrats indicating 6 consecutive slot patterns. Which means the UE should assume a format will be indicated in the DCI by SFI-index for the next 6 slots from the point of detecting the GC-PDDCH carrying the DCI. At this example the DCI is points to the last slotFormatCombination in the SlotFormatCombinations which is indicated by slotFormatCombinationID = 3, therefore the SFI-index corresponds to bit values “11”. And the DCI becomes xxxxxxxx11xx... (here x’s are set by SFI-indices for other serving cells).
[image: ]
[bookmark: _Ref16868219]Figure 2 example for Slot format combination configuration using DCI format 2_0 for slot format indication (SFI) for specific serving cell.

4.2	COT structure indication for time domain

The slot format indicator in Rel-15 can be used to provide information on direction of transmission within the COT for overriding PDCCH monitoring which can have power saving benefits. It seems that the current SFIs provide enough flexibility for this matter, however, if current 56 slot formats do not provide enough flexibility for switching DL-UL or UL-DL points for NRU, more patterns can be added to the SFI table using reserved SFI values

[bookmark: _Toc21379861]SFI values in Rel-15 provide enough flexibility for slot format indication within the COT for NRU.

In LTE-LAA the only possible LBT category apart from Cat4 LBT which UE can perform within the gNB shared COT is Cat2 LBT. Therefore, as long as UE knows the duration and offset of uplink transmission within the gNB shared COT, it can decide when to perform CAT2 LBT, and no additional information is needed for this purpose. In NR-U however, there are more LBT types that UE can perform within the gNB shared COT, including Cat1 or no LBT for gaps equal to 16us or less, and Cat2 for gaps of 16 and 25 us. Therefore, it is necessary that UE is informed about the LBT category (including the gap duration) that the UE can perform within the gNB shared COT. This information is provided to the UE in the dedicated DCI for DL assignment and/or UL grant. However, there are some cases that indicating the LBT category in GC-PDCCH is also beneficial and allows the UE to perform shorter LBT when applicable. One example is when semi-statically configured transmission (configured grant PUSCH) coincides with a gNB shared COT, or when dedicated data is already scheduled but later coincide with the COT acquired by gNB after sending the UL grant.
One way to provide this information is by reusing the current DCI format 2_0 signaling without modifications is to define new RRC parameters to indicate the type of LBT that needs to be performed in the slot and attach the index for this information to each SFI value in the slotFormatCombination table. An example of this is shown below in tabular form in Table 4, but the exact RRC parameter structure can be identified in RAN2.
[bookmark: _Ref16868065]Table 4: Table with slot property indices 
	Index
	Property

	0
	All DL to UL switches in this slot do not require LBT for the UL transmission

	1
	All DL to UL switch occurs in this slot require a category 2 25 microsecond LBT for the UL transmission

	2
	All DL to UL switch occurs in this slot require a category 2 16 microsecond LBT for the UL transmission

	…
	…




Table 5 shows how the slot property for each slot can be attached to the SFI value in order to indicate the type of LBT that can be performed for the switching points in that slot. For the example, when the slotFormatCombination in row one is provided to the UE, no LBT is performed in slot-1. When the slotFormatCombination in row two is provided, a category 2 LBT is performed in slots 2 and 3 25us LBT for the switching points. 
To further illustrate the idea let’s assume that SFI1,0 value equals to 36, it indicates that the switching DL-UL switching occurs in symbol 4 in the slot and slot property index 0 indicates that there is no LBT needed for this switching. Following shows the SFI value 36:

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U



If no index property is defined for a slot it simply follows the format provided by the SFI without any further action. Also, it is worth noting that this structure can be used to indicate more information/action in the future for each slot besides the information discussed here if needed.
 
[bookmark: _Toc21379925]LBT categories that can be performed within the COT are informed to UEs using DCI format 2_0
c. [bookmark: _Toc21379926]Slot property indices are defined, and each index is mapped to a different LBT category as shown in Table 4. 
d. [bookmark: _Toc21379927]A slot property index corresponding to the LBT category that should be performed in a slot, is attached to the SFI value assigned to that slot.
[bookmark: _Ref16868249]
Table 5 Example of slot format indicator configuration for indication of LBT categories. different slot property indicators are defined for different LBT categories and attached to the slot where that specific LBT category should be performed.
	Slot Format Combinations ID
	Slot-0
(Current Slot)
	Slot-1
	Slot-2
	Slot-3

	0
	SFI0,0+0 
	SFI0,1
	SFI0,2
	

	
	SFI1,0+0 
	SFI1,1+1
	SFI1,2+1 
	

	
	SFI2,0+1 
	SFI2,1
	SFI2,2+2 
	

	
	
	
	
	



Currently the number different slot formats that can be configured using a slotFormatCombination for a serving cell is up to 512. And given the fact that the length of the COT is up to 10 ms and in unlicensed band gNB only can provide the slot format for short period of the time due to the uncertainties channel access procedure, large number of slot format combinations with different LBT categories for different slots can be configured for practical uses.

There are some use cases where it is beneficial to indicate the UE what is the end of the gNB shared COT with reference to the point that such an indication is provided. More precisely, UEs can use this information for applying CAT1/CAT2 LBT according to the channel access mechanisms specified in specifications e.g. also in case configured UL transmission is allowed to compete with dedicated transmissions within the gNB shared as explained in the next paragraph.

[bookmark: _Toc21379928]End of the COT can be indicated to the UE(s) via GC-PDCCH for the purpose of switching to CAT1/CAT2 LBT types within the gNB shared COT according to channel access mechanism specified in the specification.

Dedicated data transmission usually has higher priority over the configured transmission, This is especially the case with unlicensed spectrum owing to uncertainties in accessing the channel. Therefore, it is useful to provide mechanism to control whether configured grant transmission can compete with dedicated uplink data within the gNB shared COT similar to mechanism provided in LAA.

[bookmark: _Toc21379929]Whether transmission using configured grant resources within gNB shared COT is allowed or not is indicated to UE(s) via GC-PDCCH

There is an option to indicate the priority class of the shared COT to the UEs so they can decide whether transmit within the configured grant if its data has the same or higher priority than that of gNB shared COT. However, this is considered as an optimization and causes extra overhead signaling to GC-PDCCH, especially since using the shared COT for transmitting within CG is mainly justified for high priority data

[bookmark: _Toc21379862]Indication of priority class of the gNB COT introduces extra overhead signaling and need not to be send via GC-PDCCH.

4.3	COT structure indication for frequency domain
It is expected that NR-U will support transmission over a wide bandwidth (> 20 MHz), and the following agreement and conclusion was reached in RAN1#97 in this regard [13].

[bookmark: _Hlk20750457]Agreement:

When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signaling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE

Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
Furthermore, following was agreed regarding LBT per carrier for channel access:
Agreement:
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.
Relating to this issue the following agreement is reached in previous meeting [18]:

Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)


[bookmark: _Hlk21022226]The RRC parameter “availableRB-RangesPerCell-r16” is agreed to be introduced and to be added to slotFormatIndicator to provide position in DCI of the bit(s) indicating the availability of RB ranges (corresponding to one or more LBT bandwidths) of a serving cell with index servingCellId. A list of availableRB-RangesPerCell-r16 objects is configured for one or more serving cells [19]. However, following is still FFS:
· FFS with a possible set of parameters as {positionInDCI, servingCellId}

[bookmark: _Hlk20746763]As explained in the agreed RRC parameter in [19], a bitfield indicates RB range availability (LBT bandwidth availability) for multiple serving cells, and in addition each serving cell can contains one or more RB ranges (LBT bandwidths). Therefore, it is clear that in the position in DCI of the bitfield needs to be indicated via RRC configuration for each of the serving cells. An obvious way to do that is by creating a list of {servingCellID, positionInDCI} pairs where the length of the list is equal to the number of serving cells. Then the UE will know where in the DCI bitmap to find the bits indicating RB range (LBT bandwidth) availability for each serving cell ID. The signaling and definition of the RB ranges per cell is described in our contribution on wideband operations [20] 

[bookmark: _Toc21379930]Set of parameters as {positionInDCI, servingCellId} is introduced for “availableRB-RangesPerCell-r16” RRC parameter.

Furthermore, the agreement in the previous meeting does not provide the time domain validity of this bitmap indication. Since for serving cells and their corresponding LBT bandwidths a SlotFormatCombination is configured, to avoid extra signaling overhead and complexity, we can define valid duration of the LBT bandwidths and/or carrier availability to be the same as the duration of the SlotFormatCombination signaled in the SFI.
[bookmark: _Toc21379931]The duration of validity of the LBT bandwidths availability indicated in DCI Format 2_0, is the same as the duration of the corresponding SlotFormatCombiantion signaled by the SFI in the DCI.

As mentioned previously the GC-PDCCH transmission needs to be under the control of gNB decision to provide scheduling flexibility and efficient usage of the resources. Furthermore, the COT structure indication carried by GC-PDCCH is mainly used for power saving purposes and/or switching of LBT categories within the gNB shared COT. Therefore, if GC-PDCCH is not configured or not received UE should continue monitoring PDCCH on all configured carrers and/or LBT Bandwidths. 
[bookmark: _Toc21379863]In case UE is not configured with GC-PDCCH, or configured but does not receive GC-PDCCH, UE monitors PDCCH on all carriers and/or LBT bandwidths according to provided configurations. There is no need to specify any UE behavior in this regard.

5 UE COT detection for FBE 
As explained in detail in our contribution on channel access mechanism [21] it is possible to operate in fully synchronized FBE system using NR-U Rel-16 without any changes compared to LBE mode if the channel access operation mode (LBE or FBE) is indicated in SIB one.
 
[bookmark: _Toc21379864]With the indication of channel access mode in SIB1, it is possible to operate certain FBE configurations using NR-U Rel-16. 

The application of NRU for FBE systems is conditioned on having a fully synchronized system [2], where the gNB will not find the channel busy since the sensing duration of all gNBs are synchronized and therefore, transmission from one gNB will not block the transmission of other gNBs in the network. In this case, UE can be informed by gNB at the beginning of the Frame Period (FP) whether it can skip PDCCH monitoring e.g. by SFI indicating symbols as flexible or UL. Thus, there is no need to define a mechanism specifically for FBE operation beside what is already supported by LBE mode in NRU or NR in general. 

Moreover, defining any implicit behavior for UE to go to sleep when not detecting any DL transmission at the beginning of gNB’s FP results in reliability issues, and restricts scheduling flexibility. Furthermore, given the limited amount of time remains for finishing the work item, any unnecessary optimization should be avoided. Instead, power saving mechanisms that are specified for LBE mode or other Rel-16 NR WIs can be re-used for FBE of gNB.

[bookmark: _Toc21379865]Introducing power saving options based on skipping PDCCH monitoring at beginning of FB can cause reliability issues and put restriction on gNB scheduling flexibility. The power saving mechanisms that are specified for LBE mode and/or mechanism defined in power saving WI can be reused for that matter. 
6 CSI-RS for Tracking 
In NR Rel-15, the UE expects to be configured with Tracking RS (TRS), i.e., CSI-RS resources for the purposes of time/frequency tracking, in order to aid in demodulation of PDSCH. Both Periodic TRS (p-TRS) and Aperiodic TRS (ap-TRS) are supported in NR Rel-15. The UE expects to be configured with p-TRS and may additionally be configured with ap-TRS. Furthermore, the time/frequency resource mapping of ap-TRS should be identical to that of p-TRS, and the UE shall assume that the ap-TRS is QCL’d with the p-TRS with respect to all QCL parameters. The strict relationship of ap-TRS to p-TRS was introduced in specifications since ap-TRS was agreed very late in NR Rel-15.
The use of p-TRS is not well-suited to operation in unlicensed spectrum due to uncertainties in accessing the channel when applying listen-before-talk (LBT). If LBT fails prior to a particular period of TRS, then that period must be dropped, thus reducing the utility of these reference signals for time/frequency tracking. Furthermore, due to the asynchronous nature of channel access, it is fundamentally impossible to pre-configure a periodic CSI-RS transmission such that each period aligns with a gNB acquired COT in order to make use of Cat1 or Cat2 LBT for CSI-RS. From the UE perspective, if periodic-TRS was the only available tracking reference signal, some sort of "blind-detection" might be needed to identify whether a particular period of TRS is transmitted or not, due to the LBT uncertainties. It is also evident that with p-TRS, UE time/frequency tracking performance will degrade if TRS periods are dropped too frequently due to LBT failure.
One counter example of an “always-on” periodic signal/channel that cannot be avoided is SS/PBCH blocks, potentially multiplexed with SIB1 in DRS. Periodic transmission of SS/PBCH blocks are needed for initial access, mobility, synchronization, RLM, etc. To manage the uncertainty of channel access, the DRS transmission window is being defined for NR-U in which each period of the DRS is allowed to shift in time if LBT fails, thus minimizing the possibility of dropping DRS transmissions. However, for other periodic/semi-persistent signals such as CSI-RS and SRS, the design of such transmission windows is not motivated, as aperiodic versions of these signals are already supported in NR Rel-15.
Clearly, aperiodic triggering is much better suited to operation in unlicensed bands, as it is easy to align transmissions within a shared COT acquired by the gNB. With ap-TRS, CSI-RS for time/frequency tracking can be frequency division multiplexed with an ongoing PDSCH transmission within a shared COT. Indication of ap-TRS transmission is sent to the UE in DCI, so that the UE can receive the CSI-RS at the exact point in time.
Even though ap-TRS is more suitable as time/frequency tracking reference for NR-U, according to the Rel-15 specification, UE cannot be configured with ap-TRS without restrict QCL relationship with p-TRS. One possible solution to mitigate this problem is to set the periodicity of the p-TRS to a large value (e.g. 80 ms or even higher value) so that the periodic CSI-RS transmission is significantly reduced.
Based on the above discussion, we propose the following

[bookmark: _Toc21379866]Due to the asynchronous nature of transmission in unlicensed band p-TRS transmission cannot be guaranteed. Therefore, UE should be able to make use of both p-TRS and ap-TRS, whenever they are transmitted by the gNB, for time/frequency tracking for demodulation of downlink channels. No specified behavior change is needed compared to Rel-15.

It is worth to mention that the above solution requires no specification change. The TRS configuration and transmission mechanism has already been supported in Rel-15. However, we also notice that the support for ap-TRS is an optional UE capability in Rel-15. We propose that it is changed to a mandatory feature in Rel-16, at least for NR-U UEs.

[bookmark: _Toc21379932]Change the support for Aperiodic TRS from an optional UE capability to a mandatory feature in NR Rel-16.

As mentioned previously, the use of p-TRS is problematic in unlicensed operation, since if LBT fails prior to a particular period of TRS, then that period must be dropped, thus reducing the utility of p-TRS for their intended purpose of time/frequency tracking. Hence, it is beneficial for operation in unlicensed to relax the strict relationship between aperiodic and periodic TRS so that ap-TRS can be used without requiring that p-TRS be configured. We refer to this as “stand-alone” ap-TRS. With stand-alone ap-TRS, the TRS can be triggered during a gNB acquired COT such that the UE may reliably perform fine time/frequency tracking within a COT to support PDSCH demodulation. This is in contrast to p-TRS for which it is not guaranteed that a period of TRS aligns with the COT.
If the strict relationship is relaxed, a stand-alone ap-TRS still needs a source QCL reference to be configured, and it is natural that the same QCL source(s) as supported for p-TRS in NR Rel-15 should be allowed. The most common QCL source for p-TRS is an SS/PBCH block.

[bookmark: _Toc21379867]It is beneficial to support a “stand-alone” configuration of a set of aperiodic CSI-RS resources for tracking (ap-TRS) in which co-configuration of a set of periodic CSI-RS resources for tracking (p-TRS) is not required.

We understand that the guidance given from RAN plenary is to treat this topic only if there is remaining time in the work item, hence at this point we simply make the above observation rather than a proposal.
6		Detection of gNB Transmission Burst
The following agreement was reached regarding the detection of a gNB transmission burst in RAN1#AH 1901 [5].

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 

As indicated in this agreement, the detection of the DL Burst and/or any indication of a COT should not relax the requirements of NR PDCCH monitoring detection requirements. The UE should implement any power saving features without violating any performance requirements related to PDCCH detection so that UE can always be scheduled reliably regardless of DL burst detection outcome. 
In the agreement above, the choice of PDCCH or GC-PDCCH has been recorded in square brackets. The UE will be configured for PDCCH monitoring and will also most likely be configured for GC-PDCCH monitoring. The UE can use the DMRS for either of these signals to achieve some power saving depending on the configuration. For instance, the UE can rely on the DMRS to detect the presence of a transmission first and then perform blind decoding only if the DMRS is detected. To ensure performance requirements are not violated this can be done only when the SINR is high and the threshold for this is up to UE implementation.
The agreement above also lists potential enhancements to the DMRS design as left for further study. Considering that GC-PDCCH and PDCCH search space configurations will span a very wide bandwidth, such enhancements are not necessary. The UE can likely achieve meaningful power savings when operating over quite a large SINR range simply using the current DMRS design for PDCCH. Even using a wideband DMRS is unnecessary since it restricts the option of performing UE-specific beamforming on PDCCH to enhanced coverage and reliability as well as reduce interference. It’s questionable whether power saving benefits (if there are any) out-weigh the negative impacts to the overall system
There has been a concern regarding a potential increase in power consumption due to PDCCH monitoring for Type B PDSCH. It should be noted however, that the complexity increase is not significant, if there is any increase at all, if the overall number of blind-decodes for a slot is not increased. And to begin with, this has been a fundamental source of the concern that has led to the entire power savings discussion. We therefore propose the following.

[bookmark: _Toc21379868]There is no significant increase in power consumption due to monitoring of Type B PDSCH if the requirements on the number of blind-decodes per slot, defined in Rel-15 when performing PDCCH monitoring for Type B PDSCH in addition to Type A PDSCH, are not significantly increased.
Conclusion
In the previous sections we made the following observations: 

Observation 1	Dynamic indication of the cancellation of the more frequent (mini-slot based) PDCCH monitoring occasions via GC-PDCCH signaling is already possible through existing procedures in Rel-15.
Observation 2	Reusing Rel-15 mechanism for symbol level cancelation of PDCCH monitoring occasions results in loss of number of Blind Decodes per slot. However, the number of BDs loss can be minimized by limiting number of mini-slots scheduled and/or BDs per monitoring occasion within a slot.
Observation 3	Since GC-PDCCH might need to be sent more than once during gNB shared COT and for different reasons e.g. among others COT-SI indication, dynamic switching of search space monitoring should be performed explicitly via a field in GC-PDCCH.
Observation 4	With GC-PDCCH transmission, configuration of wideband DMRS across the whole bandwidth is not needed. 
Observation 5	SFI values in Rel-15 provide enough flexibility for slot format indication within the COT for NRU.
Observation 6	Indication of priority class of the gNB COT introduces extra overhead signaling and need not to be send via GC-PDCCH.
Observation 7	In case UE is not configured with GC-PDCCH, or configured but does not receive GC-PDCCH, UE monitors PDCCH on all carriers and/or LBT bandwidths according to provided configurations. There is no need to specify any UE behavior in this regard.
Observation 8	With the indication of channel access mode in SIB1, it is possible to operate certain FBE configurations using NR-U Rel-16.
Observation 9	Introducing power saving options based on skipping PDCCH monitoring at beginning of FB can cause reliability issues and put restriction on gNB scheduling flexibility. The power saving mechanisms that are specified for LBE mode and/or mechanism defined in power saving WI can be reused for that matter.
Observation 10	Due to the asynchronous nature of transmission in unlicensed band p-TRS transmission cannot be guaranteed. Therefore, UE should be able to make use of both p-TRS and ap-TRS, whenever they are transmitted by the gNB, for time/frequency tracking for demodulation of downlink channels. No specified behavior change is needed compared to Rel-15.
Observation 11	It is beneficial to support a “stand-alone” configuration of a set of aperiodic CSI-RS resources for tracking (ap-TRS) in which co-configuration of a set of periodic CSI-RS resources for tracking (p-TRS) is not required.
Observation 12	There is no significant increase in power consumption due to monitoring of Type B PDSCH if the requirements on the number of blind-decodes per slot, defined in Rel-15 when performing PDCCH monitoring for Type B PDSCH in addition to Type A PDSCH, are not significantly increased.

Based on the discussion in the previous sections we propose the following:

Proposal 1	If the front-loaded DM-RS of the PDSCH mapping Type B allocation of any duration collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs.

Proposal 2	For length 10 PDSCH of mapping Type B, the moving of DM-RS to avoid CORESET collision is processed first and then based on the new DM-RS position, the condition on whether at least one DM-RS symbols collides with LTE CRS is further applied which may imply that shall be incremented by one additional symbol


Proposal 3	The increment of  by 1 when at least one DM-RS symbol collides with LTE CRS is decided on a per PDSCH scheduling occasion. To exemplify, if in some slot the scheduled PDSCH Type B of duration 10 doesn’t collide with LTE CRS (e.g. in a configured LTE MBSFN subframe), then the increment of  by 1 does not apply.
Proposal 4	If a scheduled PDSCH Type B DM-RS collides with LTE CRS, for durations other than 10, the UE can ignore the scheduled assignment.
Proposal 5	The PDSCH DM-RS positions for single and double symbol DMRS are given in Table 1 and Table 2 respectively.
Proposal 6	The dynamic PDCCH monitoring mechanism is realized by one of the following options
a.	Reusing Rel-15 mechanism of PDCCH monitoring occasion via GC-PDCCH signaling
b.	Dynamic switching among different search spaces is indicated via GC-PDCCH, furthermore: 
i.	Search space(s), e.g., mini-slot and/or multi-subband PDCCH search space(s) can be configured to be monitored by UE as default monitoring search space(s)
ii.	Search space(s), e.g., slot-based monitoring search space(s) (located in a single subband) can be configured for UE to monitor when indicated in GC-PDCCH
Proposal 7	LBT categories that can be performed within the COT are informed to UEs using DCI format 2_0
a.	Slot property indices are defined, and each index is mapped to a different LBT category as shown in Table 4.
b.	A slot property index corresponding to the LBT category that should be performed in a slot, is attached to the SFI value assigned to that slot.
Proposal 8	End of the COT can be indicated to the UE(s) via GC-PDCCH for the purpose of switching to CAT1/CAT2 LBT types within the gNB shared COT according to channel access mechanism specified in the specification.
Proposal 9	Whether transmission using configured grant resources within gNB shared COT is allowed or not is indicated to UE(s) via GC-PDCCH
Proposal 10	Set of parameters as {positionInDCI, servingCellId} is introduced for “availableRB-RangesPerCell-r16” RRC parameter.
Proposal 11	The duration of validity of the LBT bandwidths availability indicated in DCI Format 2_0, is the same as the duration of the corresponding SlotFormatCombiantion signaled by the SFI in the DCI.
Proposal 12	Change the support for Aperiodic TRS from an optional UE capability to a mandatory feature in NR Rel-16.
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Specification description on PDCCH monitoring based on DCI format 2_0 indication [4]:
[bookmark: _Hlk17899389]For a set of symbols of a slot indicated to a UE as flexible by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	if one or more symbols from the set of symbols are symbols in a CORESET configured to the UE for PDCCH monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0 indicates that the one or more symbols are downlink symbols.
[bookmark: _Ref16867029]Appendix II
RRC configurations related to DCI format 2_0 in [14]:
–	SlotFormatIndicator
The IE SlotFormatIndicator is used to configure monitoring a Group-Common-PDCCH for Slot-Format-Indicators (SFI).
SlotFormatIndicator information element
-- ASN1START
-- TAG-SLOTFORMATINDICATOR-START

SlotFormatIndicator ::=     SEQUENCE {
    sfi-RNTI                    RNTI-Value,
    dci-PayloadSize             INTEGER (1..maxSFI-DCI-PayloadSize),
    slotFormatCombToAddModList  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF SlotFormatCombinationsPerCell
                                                                                                                OPTIONAL, -- Need N
    slotFormatCombToReleaseList SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex         OPTIONAL, -- Need N
    ...
}

-- TAG-SLOTFORMATINDICATOR-STOP
-- ASN1STOP

	SlotFormatIndicator field descriptions

	dci-PayloadSize
Total length of the DCI payload scrambled with SFI-RNTI (see TS 38.213 [13], clause 11.1.1).

	sfi-RNTI
RNTI used for SFI on the given cell (see TS 38.213 [13], clause 11.1.1).

	slotFormatCombToAddModList
A list of SlotFormatCombinations for the UE's serving cells (see TS 38.213 [13], clause 11.1.1).



[bookmark: _Hlk16240912][bookmark: _Toc5285419]–	SlotFormatCombinationsPerCell
The IE SlotFormatCombinationsPerCell is used to configure the SlotFormatCombinations applicable for one serving cell (see TS 38.213 [13], clause 11.1.1).
SlotFormatCombinationsPerCell information element
-- ASN1START
-- TAG-SLOTFORMATCOMBINATIONSPERCELL-START

SlotFormatCombinationsPerCell ::=   SEQUENCE {
    servingCellId                       ServCellIndex,
    subcarrierSpacing                   SubcarrierSpacing,
    subcarrierSpacing2                  SubcarrierSpacing                                                         OPTIONAL, -- Need R
    slotFormatCombinations              SEQUENCE (SIZE (1..maxNrofSlotFormatCombinationsPerSet)) OF SlotFormatCombination
                                                                                                                  OPTIONAL, -- Need M
    positionInDCI                       INTEGER(0..maxSFI-DCI-PayloadSize-1)                                      OPTIONAL, -- Need M
    ...
}

SlotFormatCombination ::=           SEQUENCE {
    slotFormatCombinationId             SlotFormatCombinationId,
    slotFormats                         SEQUENCE (SIZE (1..maxNrofSlotFormatsPerCombination)) OF INTEGER (0..255)
}

SlotFormatCombinationId ::=         INTEGER (0..maxNrofSlotFormatCombinationsPerSet-1)

-- TAG-SLOTFORMATCOMBINATIONSPERCELL-STOP
-- ASN1STOP

	SlotFormatCombination field descriptions

	slotFormatCombinationId
This ID is used in the DCI payload to dynamically select this SlotFormatCombination, see TS 38.213 [13], clause 11.1.1.

	slotFormats
Slot formats that occur in consecutive slots in time domain order as listed here (see TS 38.213 [13], clause 11.1.1).

	positionInDCI
The (starting) position (bit) of the slotFormatCombinationId (SFI-Index) for this serving cell (servingCellId) within the DCI payload (see TS 38.213 [13], clause 11.1.1).

	servingCellId
The ID of the serving cell for which the slotFormatCombinations are applicable.

	slotFormatCombinations
A list with SlotFormatCombinations. Each SlotFormatCombination comprises of one or more SlotFormats (see TS 38.211 [16], clause 4.3.2). The total number of slotFormats in the slotFormatCombinations list does not exceed 512. 

	subcarrierSpacing2
Reference subcarrier spacing for a Slot Format Combination on an FDD or SUL cell (see TS 38.213 [13], clause 11.1.1). For FDD, subcarrierSpacing (SFI-scs) is the reference SCS for DL BWP and subcarrierSpacing2 (SFI-scs2) is the reference SCS for UL BWP. For SUL, subcarrierSpacing (SFI-scs) is the reference SCS for non-SUL carrier and subcarrierSpacing2 (SFI-scs2) is the reference SCS for SUL carrier. The network configures a value that is smaller than or equal to any SCS of configured BWPs of the serving cell that the command applies to. And the network configures a value that is smaller than or equal to the SCS of the serving cell which the UE monitors for SFI indications.

	subcarrierSpacing
Reference subcarrier spacing for this Slot Format Combination. The network configures a value that is smaller than or equal to any SCS of configured BWPs of the serving cell that the command applies to. And the network configures a value that is smaller than or equal to the SCS of the serving cell which the UE monitors for SFI indications (see TS 38.213 [13], clause 11.1.1).



slot format index (SFI) table in [4]:
[bookmark: _Hlk512253773]Table 11.1.1-1: Slot formats for normal cyclic prefix
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any, on detected DCI formats
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SlotFormatCombinationsPerCell = {
ServingCellld=3
PositionInDCI=8

SlotFormatCombinations ={

slotformatcombination(0) = {
slotFormatCombinationID =0
slotformats = {1, 55, 3, 6, 2, 0}

slotformatcombination(1) = {
slotFormatCombinationID =1
slotformats = {1, 55, 3, 6, 2, 0}

slotformatcombination(2) = {
slotFormatCombinationID =2
slotformats = {1, 55, 3, 6, 2, 0}

slotfomratcombination(3) = {
slotFormatCombinationID =3
slotformats ={0, 9, 9, 55, 0, 0}
}

SlotFormatCombinations =
slotFormatCombinationID

0

e.g. The first bit for SFI-index corresponding to cell ID 3 in the
bit number 8 (counding from @) in DCI 2_0 which carries
slotfomratCombinationID=3 (the last combinations):

DCI = xXXXXXXX11xX...

Table 11.1.1-1
Symbol number in a slot

Format
D|/D|D|D|D|D|D|D|(D|D|D|D

-DDFFFUUUDDDD

UE determines the slot format ...

Slotformats

F5T3[B[olo[o[o[o[o[o[B[BlBl5}--":" DIBIFIF

U[UJU[D[D[D[D[D[D

5T5[0[D[D][D]0]D]BIDIDID][b][o]B10[0[]oIo]oIo][o[o]B]oIo]D
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