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1 Introduction

NR slot formats can be semi-statically configured and/or dynamically signaled in a group common DCI (DCI format 2_0) or derived from a scheduling assignment. Although the basic framework has been specified, a few remaining details need to be addressed to complete the Rel-15 specification. This contribution discusses some of these remaining issues including configuration details for dynamic signaling of slot format and UE behavior when a UE is configured to monitor for DCI format 2_0. In a related contribution [1] we discuss the inter-relationships and applicable search space type for different group-common DCI formats including formats 2_0 and 2_1. 
2 On semi-static and dynamic signaling of slot format
2.1 Open issues for dynamic signaling of SFI

A UE configured to monitor for SFI in DCI format 2_0 is configured by higher layer signaling with a set of slot format combinations denoted as the SFI-set. Each slot format combination consists of up to N single slot formats as specified in TS 38.211. A few details need to be clarified regarding the SFI-set. For background, the following details were agreed at RAN1 #90bis,
	Agreements:

· For the UE specific single-slot/multi-slot set SFI table configuration

· Each entry of the table indicates a sequence of configured single-slot slot formats 

· Note if the sequence length is 1, the entry is a single-slot slot format

· Note if the sequence length is more than one, the entry is a multi-slot slot format

· Note that it is possible all the slots in a multi-slot slot-format can have the same slot format

· Note The entries in the table can be of different length including a mix of single slot SFI and multi-slot SFI

· The length of each entry in the table is FFS, e.g., multiple of configured GC-PDCCH monitoring period, a fraction of the configuration GC-PDCCH monitoring period, etc.


A good baseline, in our view, is that the length of each slot format combination, N, should equal the monitoring periodicity given by the higher layer parameter, TSFI (SFI-monitoring-periodicity). As observed from the agreement above, N can also be a fraction or a multiple of TSFI. If N is a fraction of TSFI, we propose that the UE assumes that the remaining slots within the monitoring interval consist of Flexible (Unknown) symbols. On the other hand, if N is a multiple of TSFI no additional specification is needed as it can be left to the UE whether to monitor at each configured monitoring occasion regardless of a signaled slot format combination. For example if TSFI = 2 slots and the SFI index in a detected DCI format 2_0 in a slot m*TSFI indicates an N = 4 slot format combination in the SFI-set, it is left to the UE implementation whether or not to monitor for SFI in slot (m+1) *TSFI.   
Proposal: for the UE-specific SFI table (SFI-set) each entry defines a slot format combination of N single-slot formats, and
· If N is strictly less than TSFI, the UE assumes the remaining TSFI – N slots consist of only flexible symbols.

· If N is  a multiple of TSFI, i.e. N = k*TSFI for k a positive integer, it is up to UE implementation whether or not to monitor for SFI in the next (k – 1) monitoring occasions after detecting a DCI format 2_0.
A second issue is the maximum possible size of the UE-specific SFI table. As not all slot formats defined in the single slot format table of TS 38.211 would be applicable in a particular deployment, 3 – 4 bits should be sufficient to signal SFI for a given cell. Considering that cross scheduling of SFI may be configured for a UE, the slot format combination applicable to each serving cell could be different. Therefore, the SFI set should support all slot format combinations applicable to all configured serving cells that are indicated by a given DCI format 2_0. A maximum of 32 entries should suffice for the SFI set.
Proposal: a maximum of 32 entries is configured by RRC signaling for the UE-specific SFI set. 
From TS 38.331 a UE applies a reconfiguration with sync as soon as possible following the reception of the RRC message. For any such RRC configuration message that includes a monitoring periodicity there should be a timing alignment to the frame boundary. Note that this is same as LTE. In addition a slot offset with respect to the periodicity can also be defined if needed.
Proposal: The configured monitoring occasions for DCI format 2_0 are slots satisfying
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A text proposal to 38.213 is provided in the appendix.
In the current version of TS 38.213, the RRC parameter SFI-SS determines control resource sets (emphasis on plural) for monitoring PDCCH conveying DCI format 2_0. The agreement from RAN1 NR AH2 is as follows:
	Agreements: 
· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.


Our understanding of this agreement is that a single CORESET is associated with the SFI search space. Note that this supports the motivation of fast decoding of DCI format 2_0 given that the SFI contained therein can be applied even in the same slot where format 2_0 is detected. 
Furthermore, the description of the SFI-SS entry in the RRC parameter list [2] states that SFI-SS defines whether a specific CORESET is used or the CSS. Possibly, this was as a consequence of the following agreement from the email discussion of [90b-NR-24]:

	Agreement:
· For the blind decoding of GC-PDCCH carrying SFI, the GC-PDCCH blind decoding is configured with up to two decoding candidates  with a configured aggregation level in a CSS or group-CSS in a configured corset


Our interpretation of this agreement is that in a CSS where the search space hash function is initialized to zero, the (up to) two candidates of DCI format 2_0 may be shared with another common DCI configured with the same AL if the payload sizes match. We discuss DCI size matching in a related contribution [3] but regardless of whether this is possible or not, it is sufficient for a UE to be indicated what CORESET the SFI search space is mapped to. Therefore we have the following proposal:
Proposal: correct the text in 38.213 stating that a single CORESET is configured for the SFI search space (see text proposal in the appendix). Change description of SFI-SS parameter in [2] to the following,
	SFI-PDCCH
	searchSpace
	SFI-SS
	New
	SFI-SS
	Indicates the Defines whether a specific CORESET is used for or the CSS search space
	CSS, CORESET-ID


3 Open issues of UE procedure for receiving DCI format 2_0
An open issue regarding SFI monitoring is how a UE should handle the case of unsuccessful detection of DCI format 2_0 in a configured monitoring occasion. One motivation of dynamically signaling SFI is to enable power savings at the UE since the UE does not have to receive or transmit in such symbols. Allowing reception on such symbols weakens the merits of dynamic SFI. On the other hand, one concern is that for a lengthy monitoring periodicity TSFI, it implies that the UE is not addressable until the next SFI monitoring occasion. Considering the consequences of each issue, it is preferable that the UE monitors for PDCCH at configured PDCCH monitoring occasions until the next SFI monitoring occasion. 
Proposal: 
· If DCI format 2_0 is successfully received the UE does not receive or transmit on symbols indicated as Flexible by the detected SFI.
· If reception of DCI format 2_0 fails, a UE monitors for PDCCH at configured monitoring occasions until the next SFI monitoring occasion. 

It was agreed that transmission direction indicated by cell-common RRC configuration whether obtained from broadcast information for same cell or provided by UE-specific configuration for a PSCell or SCell cannot be changed by dynamic SFI. This ensures RRM measurements can be performed based on e.g. SS/PBCH block. A natural question, therefore, is UE assumption on transmission direction for neighbor cell RRM measurements.  In our view, the transmission direction of signals and channels used for cell acquisition on any cell cannot be changed by dynamic SFI. Therefore, if a UE is provided information on a neighboring cell it may assume that the transmission direction of symbols containing SSB/PBCH blocks would not be changed by DCI format 2_0.
Proposal: transmission direction of signals and channels used for cell acquisition on any cell (serving or neighbor) cannot be changed by dynamic SFI.

It was agreed that there should be no conflict between at least a 1-slot scheduling assignment and SFI received in DCI format 2_0. An outstanding aspect is whether the same behavior should be true for a multi-slot scheduling assignment. One exemplary scenario is where a DCI in slot n schedules transmission in slots {n + k, n + k + 1, …, n + k + m - 1} and a subsequent SFI in slot n + k + j (1 ≤ j < m-1) changes the direction of last slots in the scheduled sequence. In our view this can be left to network implementation to avoid such cases and does not need to be specified.
4 Conclusion
This contribution discussed several remaining issues for slot format indication. The proposals below summarize the discussion in this paper:
· Proposal: for the UE-specific SFI table (SFI-set) each entry defines a slot format combination of N single-slot formats, and

· If N is strictly less than TSFI, the UE assumes the remaining TSFI – N slots consist of only flexible symbols.

· If N is  a multiple of TSFI, i.e. N = k*TSFI for k a positive integer, it is up to UE implementation whether or not to monitor for SFI in the next (k – 1) monitoring occasions after detecting a DCI format 2_0.
· Proposal: a maximum of 32 entries is configured by RRC signaling for the UE-specific SFI set. 
· Proposal: The configured monitoring occasions for DCI format 2_0 are slots satisfying
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· Proposal: correction to 38.213 that a single CORESET is configured for the SFI search space is provided in the appendix. Change description of SFI-SS parameter in [2] to the following,

	SFI-PDCCH
	searchSpace
	SFI-SS
	New
	SFI-SS
	Indicates the Defines whether a specific CORESET is used for or the CSS search space
	CSS, CORESET-ID


· Proposal:

· If DCI format 2_0 is successfully received the UE does not receive or transmit on symbols indicated as Flexible by the detected SFI.
· If reception of DCI format 2_0 fails, a UE monitors for PDCCH at configured monitoring occasions until the next SFI monitoring occasion. 

· Proposal: transmission direction of signals and channels used for cell acquisition on any cell (serving or neighbor) cannot be changed by dynamic SFI.
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6 APPENDIX
6.1 Correction to TS 38.213

------------------------------------------------ Start of text proposal for 38.213 ---------------------------------------------
11.1.1
UE procedure for determining slot format

If a UE is configured by higher layers with parameter SFI-PDCCH, the UE is configured with a SFI-RNTI provided by higher layer parameter SFI-RNTI and with a set of serving cells by higher layer parameter SFI- cell-to-SFI for monitoring PDCCH conveying DCI format 2_0. Per serving cell in the set of serving cells, the UE can be configured 

-
a control resource set by higher layer parameter SFI-SS for monitoring PDCCH conveying DCI format 2_0;
-
a payload size of DCI format 2_0by higher layer parameter SFI-DCI-payload-length;
-
a location of a field in DCI format 2_0 by higher layer parameter cell-to-SFI;

-
a set of combinations for slot formats [4, TS 38.211] by higher layer parameter SFI-set;

-
a number of PDCCH candidates for CCE aggregation level 
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 for DCI format 2_0by higher layer parameter SFI-Num-PDCCH-cand; 
-
a CCE aggregation level 
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 for the PDCCH candidates with DCI format 2_0 by higher layer parameter SFI-aggregation-level; 
-
a monitoring periodicity for PDCCH with DCI format 2_0 by higher layer parameter SFI-monitoring-periodicity.
A UE monitors for DCI format 2_0 in slots satisfying 
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If a UE detects a DCI format 2_0 in slot 
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, the slot format for each of the slots 
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 in a serving cell is given by the combination for slot formats indicated for the serving cell by a respective field for the serving cell in the DCI format 2_0 at a location provided by higher layer parameter cell-to-SFI, where 
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 is the value of the parameter SFI-monitoring-periodicity configured to a UE by higher layers for a DCI format 2_0. 
For each serving cell that a UE is configured by higher layers with the parameter SFI-applicable-cells
For a set of symbols of a slot, a UE is not expected to detect a DCI format 2_0 and indicating the set of symbols of the slot as uplink and to detect a DCI format with CRC scrambled by C-RNTI and indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot.

For a set of symbols of a slot, a UE is not expected to detect a DCI format 2_0 and indicating the set of symbols in the slot as downlink and to detect a DCI format with CRC scrambled by C-RNTI and indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
For a set of symbols of a slot that are indicated as downlink/uplink by higher layer parameter UL-DL-configuration-common or, when provided, by higher layer parameter UL-DL-configuration-dedicated, a UE is not expected to detect a DCI format 2_0 and indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.
For a set of symbols of a slot that are indicated as flexible by higher layer parameter UL-DL-configuration-common and, when provided, by higher layer parameter UL-DL-configuration-dedicated
-
A UE assumes that flexible symbols in a control resource set configured to the UE for PDCCH monitoring are downlink symbols. 
-
If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the UE detects a DCI format 1_0 or DCI format 1_1 indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE follows the indication of the DCI format 1_0 or DCI format 1_1. 
-
If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the UE detects a DCI format with CRC scrambled by C-RNTI indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE follows the indication of the DCI format with CRC scrambled by C-RNTI. 
-
If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the set of symbols of the slot are also indicated as flexible by higher layer parameter UL-DL-configuration-common or, when provided, by higher layer parameter UL-DL-configuration-dedicated, the UE considers the set of symbols as reserved.
-
If a UE is configured by higher layers reception of PDCCH or periodic/semi-persistent CSI-RS or SPS PDSCH in the set of symbols of the slot, the UE shall receive PDCCH or periodic/semi-persistent CSI-RS or SPS PDSCH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates the set of symbols of the slot as downlink. 

-
If a UE is configured by higher layers transmission of trigger type 0 SRS, or PUCCH, or PUSCH without UL grant, or PRACH in the set of symbols of the slot, the UE shall transmit trigger type 0 SRS, or PUCCH, or PUSCH without UL grant, or PRACH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates the set of symbols of the slot as uplink.

------------------------------------------------ End of text proposal for 38.213 ---------------------------------------------
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