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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1 #89 meeting, several aspects of the group-common PDCCH were discussed and the following agreements were achieved[1].
Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission.
In RAN1 NR AH#3 meeting, the following agreements are further achieved as below [2]:
Agreements:
· Regarding dynamic SFI content definition
· The SFI carries an index to a table that is UE-specifically configured via RRC 
· FFS how to manage the table for future proof
· FFS how to define entries in the table
· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
Agreements:
· Confirm the following WA 
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Agreements:
· For semi-static DL/UL assignment 
· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration
· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell
· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)

In this contribution, we will discuss the group-common PDCCH channel structure, details of SFI, and related UE behavior. This contribution is revised from R1-1715631.
2. GC-PDCCH channel structure
Time-frequency resources for GC-PDCCH
Reusing the CORESET design for GC-PDCCH resource mapping is benificial when GC-PDCCH and NR-PDCCH CORESET is in one symbol.  For example, for AL=8, at least 48PRB shall be used for a CORESET configuration (i.e., 10MHz). This is quite large resource occupation considering NR shall at least support 5MHz. Therefore, sharing the same CORESET or different CORESET with the same time-frequency between GC-PDCCH and NR-PDCCH for CSS shall be considered. Naturally, we recommended GC-PDCCH are configured as one candidate monitoring PDCCH for a configured CORESET. 
The GC-PDCCH CORESET shall be at the first few symbol(s) in a slot. This is benificial for UE blind decoding. 
GC-PDCCH CORESET configuration 
Since the GC-PDCCH is common to a group of UEs.  Therefore it is prefered to adopt a interleaved CCE-to-REG mapping for GC-PDCCH, which maximize the frequency diversity for all UEs in the group.
The RNTI for the GC-PDCCH in that CORESET can be configured by network or fixed written the specification.
For the search space of GC-PDCCH, it is recomended that GC-PDCCH consists of integer number of CCEs, e.g., 1,2,4,8. Whether AL large than 8 for GC-PDCCH can be FFS by considering the GC-PDCCH link-budget calculaltion.
The QCL assumption for CORESET contains GC-PDCCH shall be indicated to the UE. To support TRP specific SFI, multiple CORESETs containing GC-PDCCH should be supported. 
Channel coding 
[bookmark: _GoBack]Whether CRC is needed or not and which channel coding scheme for GC-PDCCH shall take the SFI content length into consideration. As discussed in the later part of this contribution, the payload size for group common DCI containing SFI could be different for differnt use cases, i.e. single/multi-slot indication, single/multi cell indication etc, potentially differnt coding scheme may be considered, for example RM coding without CRC for less than 11bits, polar code with CRC for more than 11 bits. Therefore it is proposed that the payload size for GC-PDCCH carrying SFI can be configured by the gNB and the either RM coding without CRC and polar coding with CRC is used according to the payload size. 
In summary, the followings for the structure of such GC-PDCCH shall be considered,
Proposal 1: UE can be configured with the PDCCH candidate(s) for GC-PDCCH monitoring within a configured CORESET 
Proposal 2: GC-PDCCH only supports interleaved CCE-to-REG mapping.
Proposal 3: The RNTI for the GC-PDCCH can be configured by network or fixed written the specification
Proposal 4: GC-PDCCH consists of integer number of CCEs. AL large than 8 for GC-PDCCH can be FFS
Proposal 5: UE monitoring of multiple CORESETs containing GC-PDCCH should be supported
Proposal 6: The payload size for GC-PDCCH carrying SFI can be configured by the gNB and the either RM coding without CRC and polar coding with CRC is used according to the payload size.
3. Details of SFI 
In this section, we will discuss the details of the SFI, including the SFI for multiple slots and multiple cells. Meanwhile, the cross-slot SFI indication will also be discussed considering the different DL/UL configurations.
1. 
2. 
3. 
3.1. SFI for multiple slots
The periodicity of the UE monitoring group-common PDCCH determines the frequency of SFI updates.  The minimum periodicity is one slot, i.e., the GC-PDCCH will be sent every slot, the SFI indicates the structure of each slot. When the UE detects the SFI, it gets an index and then looks up the table for the exact slot structure according to the index. However, the periodicity may be larger than one slot. When the monitoring periodicity is configured as once per multiple slots, e.g. due to UE power saving, the multi-slot SFI should be supported.  In this case, the SFI will indicate the information of the current slot and the following slots before the next SFI transmission. In addition, there may be multiple UL slots in a frame, where there is no resource for group-common PDCCH in these slots. Therefore the DL slot before the consecutive UL slots should indicate the SFI of following UL slots as shown in the former part of Figure 1. Therefore the multi-slot SFI can be justified. 


[bookmark: _Ref492566558][bookmark: _Ref492566547]Figure 1 SFI for multiple slots
For the SFI indicating multiple slots, each slot may have separate index of the table, which results in a relative higher overhead for SFI, but brings more flexibilities, i.e. each slot can have different slot formats. The size of the SFI is determined by the GC-PDCCH periodicity, larger periodicity will lead to a larger size of SFI. Another option is to configure multiple slots to share the same indication filed, which greatly reduces the signalling overhead by sacrificing the flexibility, i.e. the slots sharing the same indication field cannot have different slot formats. The SFI size is the same as that of the single slot case. There is a trade-off between the SFI signalling overhead and the slot format flexibility as shown in the latter part of Figure 1.
Proposal 7: SFI for multiple slots is supported, and the trade-off between the SFI signaling overhead and the slot format flexibility should be considered.
3.2. SFI for Multiple cells
In carrier aggregation, the slot format related information of both PCell and SCell should be indicated to the UE. In general, the SFI can be indicated separately in the group-common PDCCH on each carrier. However, this will increase the blind decoding of the UE since it needs to decode group-common PDCCH on all the carriers. In RAN1 NR AH#3, it has been agreed as a WA that a UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell, or on a different cell. In order to reduce the blind decoding of the UE, the slot format related information of the SCell can be sent on PCell. Then UE only needs to decode the group-common PDCCH on PCell. 
To reduce the complexity of the SFI and avoid confusion of the UE, no matter for single slot or multiple-slot SFI, at least the number of the indicated slot(s) on PCell and SCell should be the same as shown in Figure 2. In addition, the slot format related information of the PCell and SCell can be independent, that is to say, PCell and SCell can have different slot formats for the same slot index, as shown in Figure 2, where the slot format related information is indicated by SFI1 and SFI3. This will definitely increase the size of the SFI on PCell. On the other hand, we can reduce the SFI size by restricting the slot formats of the PCell and SCell to be the same as indicated by SIF2 in Figure 2. Similar as before, there is a trade-off between the signaling overhead of SFI and the flexibility of the slot formats of the PCell and SCell.


[bookmark: _Ref492566670]Figure 2 SFI for multi-carrier
Proposal 8: SFI for multiple cells is supported to reduce the blind decoding of the UE.
3.3. Cross-slot SFI
The SFI is contained in the group-common PDCCH, and the decoding of the group-common PDCCH  may require a few symbols, which depends on the UE capability.  If the SFI indicates the slot format of the current slot, additional burden may be imposed to the UE since some processing can only be done after the SFI is decoded, e.g. UE shall determine the PDCCH monitoring occasions and channel / interference measurement resoures based on the slot format indication, therefore increase the UE processing timeline. If the SFI indicates the slot format of the next slot(s) as shown in Figure 3, the forementioned drawbacks are  no longer restrictions anymore. Furthermore, for a UL only slot, i.e. a slot without any DL resource, the SFI for such slot can only be provided by the slot with DL resource in advance. 


[bookmark: _Ref492566829]Figure 3 Cross-slot SFI
Proposal 9: Cross-slot SFI is supported to relax the UE processing time and to support indication of a UL only slot. 
3.4. SFI field length
SFI indicating one slot
The SFI field length is related to the GC-PDCCH structure. if the size is similar to DCI payload size, then NR-PDCCH structure is naturally appropoiate structure for GC-PDCCH.
Currently, only ‘DL’, ‘UL’ and ‘Unknown’ is agreed as ‘Slot format related information’. Ideally, each symbol can be indicated as ‘DL’, ‘UL’ or ‘Unknown’. However, by considering different constrains, the SFI field length can be short than the number of symbols.
· Alt 1 (Bitmap): Each symbol is indicated as ‘DL’, ‘UL’ or ‘Unknown’
· Alt 2 (One switching point) : At most one DL/UL switching points. And if there is a DL transmission in one slot, the DL transmission starts from the first symbol. And followed by the GP and UL transmission(if any). (see Figure 4)
· Alt 2- modified: no GP is needed when UL-only and DL-only.
· Alt 3 (One switching point with UL-DL gap) : Based on Alt2, and plus a gap from uplink to downlink transmission at the end of the slot (see Figure 5).
· Alt 4 (simplified indication) : signal a few type of slot structure, e.g., DL centric slot, UL centric slot, DL only slot, UL only slot (FDD case) and Almost blank slot [R1-1612062]

[image: ]
[bookmark: _Ref490061763]Figure 4 one switching point SFI indication
[image: ]
[bookmark: _Ref490061771]Figure 5 one switching point SFI indication with UL-DL gap
Based on the aforementioned alternatives, it can be calculated the total bits used for one slot SFI indication is as follows, (see Annex for details)
Table 1 – summary of minimum total bits used for one slot SFI for different alternatives
	
	

	Alt 1 (Bitmap)
	23

	Alt 2 (One switching point)
	7

	Alt 2- modified
	7

	Alt 3 (One switching point with UL-DL gap)
	10

	Alt 4 (simplified indication)
	3



SFI indicating multiple slots
It is expected that SFI indication may include single or multiple slots information.  Multi-slot indication has some benefits compared to slot-by-slot indication, e.g., signaling overhead reduction, UE blind decoding reduction and etc.
Furthermore, considering typical compact DCI size, e.g., 20-bits, it is proposed to adopt SFI indication per each slot is 7-bit or 10-bit, which corresponds to 2 or 3 slots. However, if more than 2 or 3 slots is included in one SFI or multiple carriers is configured, it is proposed that number of bits of SFI indication per each slot can be configurable. 
Proposal 10: Number of bits of SFI indication per each slot can be configurable.
4. UE behavior related to GC-PDCCH
4. 
4.1. SFI monitoring
In LTE, the eIMTA command, if configured, is monitored periodically. For a given time window, if the corresponding eIMTA command is detected, UE follows the eIMTA command for DL/UL configruation determination, otherwise, UE follows the TDD configruation by SIB1.
In NR SFI monitoring, similar approach can be applied, i.e. UE monitors a CORESET for group common PDCCH containing SFI periodically, where the periodicity is configured by the gNB. It should be clarified that UE shall not be mandated to monitor group common PDCCH during DRX OFF duration. Althoug the UE periodically monitors the group common PDCCH for SFI, it does not mean that gNB shall transmit the SFI in every periodicity. Furthermore, as agreed in RAN1 NR adhoc#1, the UE should be able to decode at least PDCCH when the SFI indication applied to that slot is not available. There could be multiple reasons for it to happen, including the group common search space blocking, group common PDCCH miss detection, gNB intentional implementation, etc. In such situation, the UE should monitors PDCCH on the first set of symbols assuming they are DL durations. 
Proposal 11: UE can be configured to periodically monitor the CORESET for group common PDCCH containing SFI, during the DRX ON duration. 
Proposal 12: UE monitors the PDCCHs on the first set of OFDM symbols on the slots in case the SFI information applicable to that slot is not available.
4.2. UE behaviors related to SFI indication
When the SFI indication applicable for a slot is available, i.e. SFI is configured and decoded, it should be discussed what kind of UE behaviors are controlled by the SFI indication. In our view, the following UE behaviors should be relavent to the SFI indication
· PDCCH monitoring
When the SFI indication for a given slot is available, the UE should determine the PDCCH monitoring occasions based on the SFI indication, i.e. UE monitors PDCCH only on DL portion of the slot. UE can skip the PDCCH monitoring which falls into the unknown or UL portion of the slot, thus achive some power saving. 
· DL CSI measurement
When the SFI indication for a given slot is avaible, the UE measures the CSI on the valid CSI-RS and CSI-IM resources. Here valid CSI-RS/CSI-IM resource refers to the configured resource that falls into the DL portion of a slot indicated by the SFI. UE should not measure on the unknown or UL part of the slot, as indicated by SFI,  at least for DL CSI measurement purpose. 
· Configured UL transmission
Configured UL transmission may include the periodic PUCCH transmisison, e.g. scheduling request, P-CSI, etc, as well as the UL grant free PUSCH transmisison. For these kinds of configrued UL transmission, dynamic grant from gNB is not required. However, it does not make sense to allow UE to perform configure UL transmission on the unkonwn or DL portion of the slot, if the SFI indication is available. Therefore, the reasonable UE behaviors should be that UE configured UL transmission is allowed only on the UL portion of the slot indicated by SFI. 
· Interacion with the essential signal/channels
The essential signals/channels may include the SS block, PBCH, RMSI and RACH preamble. The resource configured for thses essential signals/channels is typically perioidic, for both RRC connected and RRC idle UEs. However, the group common PDCCH for SFI is only configured for some RRC connected UEs, it does no makes sense for the SFI indication to override DL or UL resource for the above mentioned configrued essential signal/channels. 
Proposal 13: UE determines the following based on the SFI indication (when SFI is available)
· PDCCH monitoring occasions
· DL CSI measurement resource
· Resource for configured UL transmission
Proposal 14: Resource for essential signal/channels (e.g. SS block, PBCH, RMSI, RACH) cannot be override by SFI indication. 
4.3. UE behaviors regarding conflict control information
According to the existing agreements, following three different ways to determine the DL/UL resource can be provided by the specification. UE could use at least one of them for determination
· UL grant based : In this method, the UE monitors PDCCH CORESET on every non-DRX slots, unless indicated by the UL grant that the resource for CORESET are UL symbols in a given slot. 
· SFI based : In this method, the UE monitors group common PDCCH for SFI, and determines the DL/UL/unknown resource for the slot(s) where the SFI applies to. 
· Semi-static configuration based : In this method, the gNB configures the DL/UL/unknown configuration pattern by higher layer signaling, e.g. RRC. 
A hybrid way to determine DL/UL resource is also possible, for example, a UE configured with group common PDCCH monitoring for SFI could follow the dynamic UL grant indication for a given slot if SFI is not available for that slot. Alternatively, a UE configured with semi-static DL/UL pattern may also be configured to monitor SFI for dynamic DL/UL reconfiguration, similarly as LTE TDD eIMTA. 
In case a hybrid mechanism is used to determine the DL/UL resource for a given slot, UE behaviors regarding overwriting between differnt control information should be specified. 
· Semi-static configuration overwritten by SFI
When the UE is configured with both semi-static configuration and SFI monitoring, the UE behavior regarding semi-static configuration overwritten by SFI should be discussed. It has been agreed that semi-static configuration includes the DL/UL/unknown resources, where at least the unknown resource overwritten by SFI should be possible. 
Another issue is what the UE should assume when SFI is not detected for a given slot, potentially due to group common PDCCH miss detection or gNB intentionally or non-intentionally did not transmit it. Considering the miss detection probability of group common PDCCH can be sufficiently low, e.g. 0.1% BLER in most cases, UE should follow the semi-static configuration to avoid misunderstanding between UE and gNB. 
· SFI overwritten by UL grant
When the UE is configured with group common PDCCH monitoring for SFI, the UE may receive UL grant which schedules the UE to transmit PUSCH on the DL or unknown portion of a slot indicated by SFI. This can be caused by false detection of either group common DCI or UL grant or both, however, such probability can be considered as low enough due to CRC protection. Alternatively, this can be caused by gNB intentional behavior, e.g. the configured periodicity for SFI monitoring is relatively long but gNB wants to change a slot format before the next SFI update opportunity. To allow such flexibility, UE should follow UL grant to determine the slot format when it is detected later and have conflict information than SFI. 
· Semi-static configuration overwritten by UL grant
When the UE is configured with semi-static DL/UL/unknown pattern but not configured with group common PDCCH SFI monitoring, it should be discussed whether the UE is allowed to follow UL grant to determine slot format. As semi-static configuration without SFI is expected to be used in macro cell deployment where dynamic TDD is not intended to be used, it is more reasonable for the UE to always follow the semi-static configuration on the configured DL/UL slots. However, the unknown resource configured by semi-static configuration can be overwritten by dynamic grant. 
Based on the above discussions, we have the following proposal. 
Proposal 15: Specify the following UE behaviors when conflicting control information regarding slot format is detected
· For a given slot, at least the unknown resource signaled by semi-static configuration can be overwritten by SFI. 
· For a given slot, UE prioritize the UL grant which is detected later than SFI when determine the slot format
· The unknown resource by semi-static configuration can be overwritten by dynamic grant. 
Proposal 16: When both semi-static DL/UL configuration and group common PDCCH monitoring for SFI is configured, UE follows semi-static configuration when SFI is not available for a slot.
5. Conclusion
In this contribution, it is proposed that
Proposal 1: UE can be configured with the PDCCH candidate(s) for GC-PDCCH monitoring within a configured CORESET 
 Proposal 2: GC-PDCCH only supports interleaved CCE-to-REG mapping.
Proposal 3: The RNTI for the GC-PDCCH can be configured by network or fixed written the specification
Proposal 4: GC-PDCCH consists of integer number of CCEs. AL large than 8 for GC-PDCCH can be FFS
Proposal 5: UE monitoring of multiple CORESETs containing GC-PDCCH should be supported
Proposal 6: The payload size for GC-PDCCH carrying SFI can be configured by the gNB and the either RM coding without CRC and polar coding with CRC is used according to the payload size.
Proposal 7: SFI for multiple slots is supported, and the trade-off between the SFI signaling overhead and the slot format flexibility should be considered.
Proposal 8: SFI for multiple cells is supported to reduce the blind decoding of the UE.
Proposal 9: Cross-slot SFI is supported to relax the UE processing time and to support indication of a UL only slot. 
Proposal 10: Number of bits of SFI indication per each slot can be configurable.
Proposal 11: UE can be configured to periodically monitor the CORESET for group common PDCCH containing SFI, during the DRX ON duration. 
Proposal 12: UE monitors the PDCCHs on the first set of OFDM symbols on the slots in case the SFI information applicable to that slot is not available.
Proposal 13: UE determines the following based on the SFI indication (when SFI is available)
· PDCCH monitoring occasions
· DL CSI measurement resource
· Resource for configured UL transmission
Proposal 14: Resource for essential signal/channels (e.g. SS block, PBCH, RMSI, RACH) cannot be override by SFI indication. 
Proposal 15: Specify the following UE behaviors when conflicting control information regarding slot format is detected
· For a given slot, at least the unknown resource signaled by semi-static configuration can be overwritten by SFI. 
· For a given slot, UE prioritize the UL grant which is detected later than SFI when determine the slot format
· The unknown resource by semi-static configuration can be overwritten by dynamic grant. 
Proposal 16: When both semi-static DL/UL configuration and group common PDCCH monitoring for SFI is configured, UE follows semi-static configuration when SFI is not available for a slot.
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Annex 1 Used bits for SFI
Alt 1: Bitmap
Each symbol is indicated as ‘DL’, ‘UL’ or ‘Unknown’, therefore the total bits used for one slot SFI indication is , where N is the total number of symbols in a slots. Typical values are as follows in Table 1.
[bookmark: _Ref490057117]Table 1 - Total bits used for one slot SFI (bitmap indication)
	Number of symbols per slot
	Total bits for one slot SFI 

	
	23


 
Alt 2: One switching point
Typically, within one slot, there exists at most one DL/UL switching points. And if there is a DL transmission in one slot, the DL transmission starts from the first symbol. And followed by the GP and UL transmission(if any). This is illustrated in Figure 6.
[image: ]
[bookmark: _Ref490057743]Figure 6 one switching point SFI indication
For simplicity, assuming  and  and  and . Then it can be calculated that the total bits used for one slot SFI indication is 
					(1)
And Typical values are as follows in Table 2.
Furthermore, considering the GP is always needed when  and , some of the entries are not used. Then equation (1) is modified as (2)
				(2)
[bookmark: _Ref490058185]Table 2 - Total bits used for one slot SFI (One switching point)
	Number of symbols per slot
	one switching point

	Modified one switching point


	
	7
	7



Alt 3: One switching point with UL-DL gap 
In order to accormodate some transition from uplink-to-downlink, as well as self-contain operations, it is still worthwhile to considering a gap from uplink to downlink transmission. 
[image: ]
Figure 7 one switching point SFI indication with UL-DL gap
For simplicity, assuming  and  and  and  and . Then it can be calculated that the total bits used for one slot SFI indication is (3). And Typical values are as follows in Table 3.

					(3)
[bookmark: _Ref490060949]Table 3 - Total bits used for one slot SFI (One switching point with UL-DL gap)
	Number of symbols per slot
	one switching point


	
	10



Alt 4: simplified indication
In order to save signalling overhead, one possibility to simplify the SFI incation is to signal a few type of slot structure, e.g., DL centric slot, UL centric slot, DL only slot, UL only slot (FDD case) and Almost blank slot [3].
Therefore the total bits for one slot SFI is almost 3-bit.
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