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1 Introduction

During RAN1 #90bis meeting and following email discussion the following were agreed [1], [2]:

Agreements:

· For GC-PDCCH monitoring, confirm the working assumption

· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell 

Agreements:

· For cross cell GC-PDCCH monitoring, support by RRC configuration for a UE the following:

· The same SFI can be applicable to more than one cell

· Different SFI fields in one GC-PDCCH can be applied to different cells

· FFS interaction with multiple BWP configuration per cell

Agreements:

· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15

· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL

Agreements:

· The single slot format table supports up to two D/U switching points per slot 

· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.

· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.

· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 

· Note: This single slot slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signalling is necessary (with only X entries specified in Rel-15 in RAN1)

Agreements:

· gNB configures a per serving cell GC-PDCCH (for dynamic SFI) monitoring periodicity of K slots (based on GC-PDCCH numerology), up to 8 choices

· K = 1, 2, 5, 10, 20

· FFS other values

Agreements:

· For the UE specific single-slot/multi-slotset 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.

Agreements:

· GC-PDCCH for dynamic SFI monitoring

· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell

· The coreset(s) is located in the first 1/2/3 symbols in a slot

· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration

· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 

· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 

· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload

Agreements:

· 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

Agreements:

· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc
· Need to decide the overwriting rules between 

· Semi-static DL/UL assignment (including states DL, UL, unknown) 

· Dynamic SFI (indicated in GC-PDCCH with states DL, UL, and unknown)

· UE specific data transmission (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH) 

· Also include DCI triggered aperiodic measurement related signals, such as aperiodic CSI-RS, aperiodic SRS, etc

· FFS: Broadcast transmission, sync, PRACH, RAR, UL data transmission without UL grant, …

· Measurement: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed 

· FFS: CSI-RS for RRM, TRS, etc

· FFS: Other signals, measurements, and monitoring (including configured coreset monitoring)

· Consider the following directions of potential overwriting in Rel. 15: 

· States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data

· State from measurement overwritten by dynamic SFI or UE specific data

· Dynamic SFI overwritten by UE specific data

· FFS: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI 

· The timing requirement for overwriting

· UE behavior will be the cancellation of the measurement/data reception or measurement/data related transmission
· For the states from semi-static DL/UL assignment 
· “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data

· DL/UL in semi-static DL/UL assignment cannot be overwritten to the other direction (DL to UL or UL to DL) by measurement, dynamic SFI and UE specific data

· DL/UL in semi-static DL/UL assignment cannot be overwritten by “unknown” by dynamic SFI

· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment: 

· DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UL/DL from dynamic SFI 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data imples the other direction 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· UE will follow the DCI for UE-specific data transmission and reception

· For the states in dynamic SFI in symbols not under DL/UL from semi-static DL/UL assignment (Already agreed in other agreements and only include for completeness) 

· UL/DL in dynamic SFI cannot be overwritten by UE specific data 

· UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions

· Unknown in dynamic SFI can be overwritten by UE specific data (change to DL or UL) 

· UE will follow the DCI for UE-specific data transmission and reception

Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 

Agreements:

· GC-PDCCH for SFI is associated with a SFI RNTI by configuration 

In this contribution, following the above agreements, we discuss some remaining aspects of G-C PDCCH and dynamic SFI.
2 Channel structure and configuration
It has been agreed that a configurable payload is supported for GC PDCCH with SFI. Further UE can be configured with one or two candidates at a configured AL to monitor for GC PDCCH. 
It has been proposed that if the payload size of GC PDCCH w/ SFI is no more than 11 bits, then RM code without CRC is employed for GC PDCCH. Considering the above configurability, it could be efficient to support GC PDCCH without addition of 24-bit CRC and save on system OH as well as enable faster processing of the GC PDCCH w/ SFI. This comes at the expense of increased specification work to specify both options and some additional UE implementation efforts. However, considering the benefits in terms of increased efficiency and the fact that the current agreed framework can support such adaptability easily, it may be worthwhile to pursue this approach of both RM and Polar coded GC PDCCH w/ SFI. 

Thus, if a UE is configured to monitor for GC PDCCH w/ SFI and the payload is no more than 11 bits, a single PDCCH candidate can be configured with a configured AL to indicate the resources the UE should monitor for the GC PDCCH.

Proposal 1:
· Support use of RM without CRC attachment for GC PDCCH w/ SFI if the configured GC PDCCH payload is no more than 11 bits. 
· A single decoding candidate at a configured AL is configured to the UE to indicate the resources to monitor.
3 Reserved bits
Considering that the forward compatibility is one of the main design targets for NR, it is necessary that we can design the overall SFI mechanism that is scalable. This relates to the FFS aspect from RAN1 NR AH#3 “FFS how to manage the table for future proof”. 

Towards this, a certain number of reserved states for introduction of newer slot formats in future can be defined in the SFI table. 

Additionally, a certain number of reserved bits should be specified for future use of group-common PDCCH. The number of bits for reservation should not be too large considering that only critical information can be added for the future functionalities. 

Proposal 2:

· Group-common PDCCH includes a set of reserved bits and the SFI table includes a set of reserved states for forward compatibility and future feature extension.
4 UE behavior for G-C PDCCH

In this section, we consider a few outstanding cases related to GC PDCCH monitoring and other configurations/triggers.

· Case 1: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI.
· These include UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH, DCI triggered aperiodic measurement related signals, such as aperiodic CSI-RS, aperiodic SRS, etc. All these transmission/reception triggers are essentially at the similar time-scale as the GC PDCCH w/ dynamic SFI itself, and thus, should be treated similar to UE-specific dynamically scheduled PDSCH/PUSCH. Consequently, it should not be allowed to over-write such UE-specific data and measurement related signals not semi-statically configured via RRC. Allowing such behavior significantly complicates UE implementation due to potentially dynamic interactions between the original triggers and their over-writing via dynamic SFI.
· Case 2: UE-specifically configured semi-persistent/persistent signals or data channels overwritten by “unknown” in dynamic SFI
· These could follow the category previously agreed as “measurement” and hence, possible to be over-written by GC PDCCH w/ SFI. 
· In case a physical signal (CSI-RS/SRS) is being interrupted, it is assumed to be dropped. 
· For a PDSCH that may be impacted in part, puncturing instead of rate-matching is assumed for the affected symbols. 
· For a PUSCH transmission that maybe impacted in part, the entire PUSCH should be dropped. 
· Case 3: SSB, RMSI, OSI, and PRACH overwritten by “unknown” in dynamic SFI
· These signals and channels should not be allowed to be over-written by dynamic SFI.
· In addition, the starting symbols of the slot containing SSB are fixed as DL and cannot be over-written by dynamic or semi-static SFI. This is discussed further in Section 7. 
Proposal 3:

· UE-specific data and measurement related signals not semi-statically configured by RRC cannot be overwritten by “unknown” in dynamic SFI.
· UE-specifically configured semi-persistent/persistent signals or data channels can be overwritten by “unknown” in dynamic SFI.
· SSB, RMSI, OSI, and PRACH cannot be overwritten by “unknown” in dynamic SFI.
5 Minimum processing times for GC PDCCH application

The UE should have sufficient processing time available to apply indicated SFI to a slot or set of slots. 
In this regard, the minimum processing time related to any DL-related “slot-format” adjustment should be subject to minimum processing time needed for PDCCH processing (including channel estimation, demodulation, and decoding). Further discussions are needed in RAN1 to determine the appropriate provisioning for processing time. 

One option can be to adopt similar times as for other cases that involve UE action (without possibility of buffering) upon detection of a PDCCH, e.g., beam switching, BWP switching, etc.
For any UL-related signals, the minimum processing time should be provisioned at least as N2 (the minimum processing time dimensioned for PDCCH-end to PUSCH-start).

Proposal 4:

· RAN1 to further discuss and determine the minimum processing time provisioned to the UE for GC PDCCH processing before the SFI can be applied to any DL- or UL-related symbols.
· For DL-related symbols, the minimum processing time should correspond to the minimum PDCCH processing time.

· For UL-related symbols, the minimum processing time should correspond to N2.
6 PDCCH monitoring in “Unknown” symbols

One of the discussion points identified during RAN1 NR AH#3 meeting is whether a UE can be expected to monitor for PDCCH during Unknown symbols. One of the motivations for expecting the UE to monitor for PDCCH in symbols indicated as “Unknown” is to address low latency services. In our view, the latency requirements need to be fulfilled based on proper configuration of PDCCH monitoring occasions that are already expected to be generally aligned with the DL symbols in a slot. If the gNB identifies some of the symbols as “Unknown” via SFI in the G-C PDCCH for a slot, it is most likely that the gNB would want to prioritize the symbol for other purposes than as DL. 

Expecting the UE to still monitor for PDCCH in the indicated “Unknown” symbols just in case the gNB may again change the decision is an over-design and conflicts with one of the original motivations of support of G-C PDCCH to aid reduction in UE power consumption via dynamically turning off certain PDCCH monitoring occasions. 

For the case when PDCCH may span multiple symbols and some of them are indicated as “Unknown” by the SFI, considering the time-first mapping for PDCCH, it is natural that the UE should not be expected to monitor for PDCCH in such impacted CORESETs. Certainly, the UE can still perform any DL measurements in the symbols that were not indicated as “Unknown”. 
Proposal 5:

· The UE is not expected to monitor for PDCCH in symbols that are identified as “Unknown” via SFI in G-C PDCCH.

· For multi-symbol CORESETs with time-first mapping, if some of the symbols are identified as “Unknown”, the UE is not expected to monitor for PDCCH in such a CORESET. However, the UE may still perform DL measurements on the unaffected DL symbols.
7 UE behavior when a configured GC-PDCCH is not detected (erasure)
In this case, the UE should consider all symbols within the monitoring period as “unknown”. Further, the UE is not expected to transmit or receive anything on these signals, with the possible exception of PDCCH monitoring corresponding to monitoring occasions that correspond to the first three symbols of a slot. In other words, the UE is not expected to monitor for PDCCH CORESETs corresponding to “slot-based-scheduling” only.
Proposal 6:

· When a configured GC-PDCCH is not detected, the UE treats all symbols in the monitoring period as “unknown”, and does not transmit, receive, or monitor for PDCCH in such symbols, with possible exception of PDCCH monitoring corresponding to monitoring occasions within first three symbols of a slot.
8 The need for fixed DL symbols in certain slots

For RRM measurements, the UE needs to perform DL measurements during DL symbols. In dynamic TDD systems, the UE needs to identify sufficient numbers of DL symbols for such measurements. 

As a baseline, the symbols identified to carry SS blocks can be safely assumed by the UE as DL symbols. That is, the UE is to detect actually transmitted SS/PBCH blocks. After detection, the UE knows for sure that four OFDM symbols of the detected SS block are DL. However, this is insufficient for DL measurements, e.g., for RSSI. One reason is that in NR networks with simultaneous transmission of SS/PBCH blocks from all cells, RSSI measurements based only in DL OFDM symbols from the SS block always show high cell load (due interference from SS/PBCH blocks from other cells), i.e., RSSI is biased. 
To address this problem, it is proposed that certain additional symbols in certain slots can be assumed by the UE as DL symbols, and the slots carrying SS blocks are ideal candidates for this purpose. Accordingly, UE assumes that in the NR slot containing the detected SS/PBCH blocks a certain number of OFDM symbols are used for DL transmission. Therefore, these OFDM symbols can be additionally used for RSSI calculation. Additionally, if these DL symbols are for NR PDCCH transmission, than the measurements based on them will reflect actual load of the target cell. For further details, please refer to our contribution in [8].
Specifically, it is proposed that either 1 or 2 (either 2 or 4 for SS/PBCH block SCS=240 kHz) DL OFDM symbols in the beginning of NR slots with at least one actually transmitted SS/PBCH block (1st slot of the NR slot pair for SCS=240 kHz) can be assumed by the UE as DL symbols for DL measurements. Figures 2a through 2c below illustrates some examples. 
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Figure 2a. Example format for subcarrier spacing 15 kHz or 30 kHz
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Figure 2b. Example format for subcarrier spacing 30 kHz or 120 kHz
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Figure 2c. Example format for subcarrier spacing 240 kHz
Accordingly, for such symbols, the SFI in G-C PDCCH should treat such symbols similar to semi-statically configured DL/UL symbols and thus, may not over-ride these symbols from “DL” to “UL” or “Unknown”. 
Note that if semi-static DL/UL assignment is configured in the cell, then the concerned symbols can be configured as DL and this can achieve the purpose. However, for systems operating without semi-static DL/UL assignment configuration, appropriate assumptions for UE behavior to allow measurements on such fixed DL symbols should be specified.
Proposal 7:

· The first one or two symbols (or up to four symbols for 240 kHz SCS for SS blocks) in a slot wherein the UE detects presence of SS blocks can be assumed by the UE as fixed DL symbols at least for the purpose of for DL RRM measurements, irrespective of the system operating with or without semi-static DL/UL assignment.

9 Conclusions

In this contribution, we shared our views on the remaining details of G-C PDCCH carrying SFI. Based on the discussion, we summarize our views through the following observations and proposals:
Proposal 1:
· Support use of RM without CRC attachment for GC PDCCH w/ SFI if the configured GC PDCCH payload is no more than 11 bits. 

· A single decoding candidate at a configured AL is configured to the UE to indicate the resources to monitor.

Proposal 2:

· Group-common PDCCH includes a set of reserved bits and the SFI table includes a set of reserved states for forward compatibility and future feature extension.

Proposal 3:

· UE-specific data and measurement related signals not semi-statically configured by RRC cannot be overwritten by “unknown” in dynamic SFI.
· UE-specifically configured semi-persistent/persistent signals or data channels can be overwritten by “unknown” in dynamic SFI.
· SSB, RMSI, OSI, and PRACH cannot be overwritten by “unknown” in dynamic SFI.
Proposal 4:

· RAN1 to further discuss and determine the minimum processing time provisioned to the UE for GC PDCCH processing before the SFI can be applied to any DL- or UL-related symbols.
· For DL-related symbols, the minimum processing time should correspond to the minimum PDCCH processing time.

· For UL-related symbols, the minimum processing time should correspond to N2.
Proposal 5:

· The UE is not expected to monitor for PDCCH in symbols that are identified as “Unknown” via SFI in G-C PDCCH.

· For multi-symbol CORESETs with time-first mapping, if some of the symbols are identified as “Unknown”, the UE is not expected to monitor for PDCCH in such a CORESET. However, the UE may still perform DL measurements on the unaffected DL symbols.

Proposal 6:

· When a configured GC-PDCCH is not detected, the UE treats all symbols in the monitoring period as “unknown”, and does not transmit, receive, or monitor for PDCCH in such symbols, with possible exception of PDCCH monitoring corresponding to monitoring occasions within first three symbols of a slot.
Proposal 7:

· The first one or two symbols (or up to four symbols for 240 kHz SCS for SS blocks) in a slot wherein the UE detects presence of SS blocks can be assumed by the UE as fixed DL symbols at least for the purpose of for DL RRM measurements, irrespective of the system operating with or without semi-static DL/UL assignment.
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