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1 Introduction

The following agreements related to group-common PDCCH were achieved in the RAN1# 90bis meeting [1] and subsequent email discussions:
· 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 

· 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 
· 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 
· 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) 
· 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 
· 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. 
· 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

· 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
There is also an agreement regarding to the same scheduling framework for both paired and non-paired spectrum from RAN1#90bis meeting:

· Same scheduling framework is supported for paired and non-paired spectra 

· Note: This applies to both slot based and non-slot (mini-slot) based scheduling

· Note: This includes that data transmission can be indicated with start symbol and duration

· Note: this also includes SFI

In this contribution, we provide some detailed considerations on the contents and structure of group-common PDCCH, followed by related UE behaviour. 
2 Contents of group-common PDCCH

Based on the agreements achieved in the previous meeting [1], single slot format table supports up to two DL/UL switching points per slot. Meanwhile, since the same scheduling framework for both paired and unpaired spectrum also includes SFI aspect, the single slot format table should support both paired and unpaired spectrum operation.
For single slot format with no more than 1 DL/UL switching point, the numbers of DL, unknown and UL symbols are defined respectively as X, Y and Z. The valid values of X, Y and Z should satisfy the following constraints:

For unpaired spectrum operation,


X + Y + Z = 14
(a1-1)

Y > 0 if X>0 and Z > 0
(a1-2)
For paired spectrum operation,


X + Y + Z = 28
(a2-1)


0 < X, Y, Z < 14
(a2-2)
For single slot format with 2 DL/UL switching points, define the numbers of DL, UL and unknown symbols in each 7 symbols respectively as (X1, X2), (Y1, Y2) and (Z1, Z2). Thus, the valid values of X1, X2, Y1, Y2, Z1 and Z2 satisfy the following constraints:


X1 + Y1 + Z1 = 7
(b1)

X2 + Y2 + Z2 = 7
(b2)

Y1 > 0 if X1> 0, Z1 > 0
(b3)


Y2 > 0 if X2> 0, Z2 > 0
(b4)

Note that the number of SFI entries satisfying the above constraints (a1)-(a2) and (b1)-(b4) is over 256. As a result, it may not be possible to explicitly capture all combinations and down-selection should be made.
Firstly, the number of DL symbols should be enough to contain the CORESET resource. The duration of a CORESET can be 1, 2, or 3 symbols. Thus, slot formats captured in the specification should include SFI entries with 1, 2, and 3 DL symbols.

Secondly, the number of UL symbols should be enough to contain the PUCCH/SRS resource. The maximum number of symbols carrying SRS is 6. The duration of a short PUCCH is 1 or 2 symbols. The duration of a long PUCCH is from 4 to 14 symbols. Besides, the combinations of a short PUCCH and a short PUCCH, and a short PUCCH and a long PUCCH are supported. Therefore, slot formats captured in specification should include SFIs with at least 1, 2, 3, 4, and 6 UL symbols.

Thirdly, to guarantee similar cell coverage with that of LTE, slot formats captured in the specification should include SFIs with 9 and 10 unknown symbols. This is similar to the special subframe configuration with 9- or 10-symbol gap supported in LTE.
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Figure 1 Examples of use case of slot format with multiple switching points

Last but not least, slot formats with two DL/UL switching points should satisfy the 0.5 ms URLLC latency requirement. Some examples are shown as below:
As shown in Figure 1(a), to support 0.25 ms DL/UL switching, only one candidate SS block is transmitted in the second half of the slot. Besides, both ‘DL’ and ‘UL’ symbols are included in each half of slot so as to guarantee no larger than 1 ms latency. In particular, more than one switching points per slot is necessary for URLLC services, which could provide more re-transmission chances for both DL and UL within 1ms. 
There are some cases that two candidates SS blocks are sent. In these cases, URLLC with 60 kHz SCS is transmitted. As shown in Figures 1(b)-1(d), slot formats with DL/UL configurations in the first 7 symbols should be captured in the slot formats. This is beneficial for providing equivalent DL and UL transmission opportunities and meeting the average 0.5ms URLLC latency requirement.
For slots with 15 kHz subcarrier spacing, in order to support 0.5ms URLLC latency requirement, the maximum distance between the nearest DL/UL symbols should be 0.5ms. As shown in Figure 1(e), the distance from one DL/UL symbol to its nearest DL/UL symbol is within 0.5 ms, i.e. 7 symbols. In Figure 1(f)-(g), some symbols are intentionally left as ‘unknown’. By doing so, URLLC transmission in the nearby PRBs/BWPs can be performed during those ‘unknown’ symbols with larger subcarrier spacing, for example 60 kHz. 
Based on the above, the following slot formats should be captured in the specification. In each column, the index/indices of DL and UL symbol(s) are listed. Note that there is no need to explicitly include ‘unknown’ into SFI table since it could be easily derived from the DL/UL symbols and DL/UL BWP configuration. Furthermore, the introduction of ‘unknown’ into SFI table would cost more rare “SFI format rows” when considering the common support of both paired and unpaired spectrum by a single SFI table.
Table 1 Slot formats with zero/one/two DL/UL switching points (Normal CP for both DL and UL)

	Format
	DL
	UL
	Format
	DL
	UL

	0
	0-13
	-
	32
	-
	-

	1
	0-2
	-
	33
	0-11
	0-13

	2
	0-1
	-
	34
	0-4, 7-10
	6, 12-13

	3
	0
	-
	35
	0-4, 7
	6, 9-13

	4
	0-2
	13
	36
	0, 7-11
	2-6, 13

	5
	0-2
	12-13
	37
	0-1, 7
	3-6, 9-13

	6
	0-2
	11-13
	38
	0-1, 7-11
	3-6, 13

	7
	0-2
	10-13
	39
	0-2, 7
	4-6,9-13

	8
	0-2
	8-13
	40
	0, 7-9
	2-6, 11-13

	9
	0-1
	13
	41
	0-4, 7-8
	6, 10-13

	10
	0-1
	12-13
	42
	0-1, 7-11
	3-6, 13

	11
	0-1
	11-13
	43
	0-3, 7-11
	5-6, 13

	12
	0-1
	10-13
	44
	0, 7-8
	2-6, 10-13

	13
	0-1
	8-13
	45
	0-1, 7
	3-6, 9-13

	14
	0
	13
	46
	0, 7-11
	2-6, 13

	15
	0
	12-13
	47
	0, 3, 7-13
	2, 5-6 

	16
	0
	11-13
	48
	0-1, 4, 7-13
	3, 6

	17
	0
	10-13
	49
	0, 3-4, 7-13
	2, 6

	18
	0
	8-13
	50
	0-4, 7-11
	-

	19
	0-2
	13
	51
	0-4, 7-10
	13

	20
	0-1
	12-13
	52
	0-3, 7-10
	6, 13

	21
	0
	11-13
	53
	0-4, 7-11
	6, 13

	22
	0-2
	12-13
	54
	-
	2-6, 9-13

	23
	0-1
	11-13
	55
	0
	3-6, 9-13

	24
	0
	10-13
	56
	0, 7
	3-6, 10-13

	25
	-
	13
	57
	0, 7
	2-6, 9-13

	26
	-
	12-13
	58
	0-5, 7-12
	-

	27
	-
	11-13
	59
	0-5, 7-11
	13

	28
	-
	10-13
	60
	0-3, 7-10
	6, 13

	29
	-
	8-13
	61
	-
	1-6, 8-13

	30
	-
	0-13
	62
	0
	2-6, 8-13

	31
	0-13
	0-13
	63
	0, 7
	3-6, 10-13


Proposal 1: The slot formats listed in Table 1 should be captured in the specification. 
3 Structure of group-common PDCCH
Cross-cell group-common PDCCH monitoring was agreed during last meeting [1] where the same SFI can be applicable to more than one cell and different SFI fields in one group-common PDCCH can be applied to different cells. 
A UE can be configured with up to 4 DL-UL BWP pairs. There are two alternatives for configuration of multi-slot SFI table.
· Alt.1: A single multi-slot SFI table is configured for each UE, i.e., multi-slot SFI table is configured UE-specifically.

· Alt.2: Multiple multi-slot SFI tables are configured respectively for each DL-UL BWP pair for each UE, i.e., multi-slot SFI table is configured BWP-specifically.
Although NR currently prioritizes the single active bandwidth part case, a forward compatible design for the structure of group-common PDCCH should be considered. That is the configuration of multi-slot SFI table should support the cases with one active BWP pair and multiple active BWP pairs. As a result, alternative 2 is preferred. In this case, the SFI for each configured BWP for a UE is respectively associated with a SFI field in a group-common PDCCH. 

Consider that different BWPs likely carry different traffic types related to different throughput and/or latency requirement. Tables with different number of entries can be configured for different BWPs, especially if different numerologies are used in different BWPs. For example, one BWP is configured with a table with 8 entries and another one is configured with a table with 16 entries. Thus, the number of bits in the SFI fields related to the two BWPs are different, i.e., 3 and 4 bits respectively. As a result, if the same group-common PDCCH is used to carry the two SFI, starting position of each SFI field should be explicitly indicated to the corresponding BWP.
Proposal 2: Each configured BWP for a UE should be specifically configured with a SFI field in a group-common PDCCH. The starting position of the SFI field should be explicitly indicated.
4 UE behavior without group-common PDCCH
There was a common understanding that the network can inform through RRC signaling the UE whether to decode a group-common PDCCH or not, including potential periodicity of group-common PDCCH. It implies that it is possible to provide the flexibility for gNB not to configure a group-common PDCCH. Therefore, the following cases where UE behavior without group-common PDCCH should be specified.

· Case 1: UE behavior when not configured with group-common PDCCH

· Case 2: UE behavior when fails to decode a configured group-common PDCCH.
There are two typical use cases for not configuring a UE with group-common PDCCH. On one hand, some slots which are predefined to be always DL and/or UL, e.g., the ones for initial access including DL resources for SS block, RMSI, and/or UL resources for PRACH. It is straightforward that the UE should consider the resources with default configurations. On the other hand, there can be cases that all resources are semi-statically configured unless are specifically changed by scheduling assignment/grant. There is no need for dynamic signaling to indicate the slot format related information. In these cases, UE can simply follow the periodic configurations, which is similar to that in LTE.

Proposal 3: When a UE is not configured with group-common PDCCH, it follows default or semi-static configurations.
As discussed above, some fallback operations should be considered when a UE is configured with a group-common PDCCH but fails to decode the message. The main concern for the fallback operations is that UE behavior should be as safely as possible so that it will cause no impact on other UEs’ transmission. If the group-common PDCCH fails to be received then the UE does not assume that the previous group-common PDCCH is still valid, and in general cannot operate on unknown slot(s) unless a scheduling DCI is present on those slot(s). One natural option for the fallback solutions could be let the UE not do semi-statically configured UL transmission and DL measurement in case that the corresponding resources are indicated as ‘unknown’, unless there is a scheduling DCI that indicates a consistent transmission direction.
Proposal 4: During one monitoring occasion for the configured group-common PDCCH, if a UE fails to receive the message, the UE should not do semi-statically configured UL transmission (i.e. SRS) and DL measurement unless there is a scheduling DCI that indicates a consistent transmission direction.
5 Conclusion

Our proposals in this contribution are summarized as follows:
Proposal 1: The slot formats listed in Table 1 should be captured in the specification.
Proposal 2: Each configured BWP for a UE should be specifically configured with a SFI field in a group-common PDCCH. The starting position of the SFI field should be explicitly indicated.

Proposal 3: When a UE is not configured with group-common PDCCH, it follows default or semi-static configurations.
Proposal 4: During one monitoring occasion for the configured group-common PDCCH, if a UE fails to receive the message, the UE should not do semi-statically configured UL transmission (i.e. SRS) and DL measurement unless there is a scheduling DCI that indicates a consistent transmission direction.
Reference
[1] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #90b v0.1.0”, Prague, Czech Republic, 9-13 October, 2017 
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