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1. Introduction

In this contribution, we discuss the remaining issues for GC PDCCH including payload size and coding scheme, UE behavior, overwritten rule, monitoring period, BWP related aspects, and reconfiguration timing. Note that the tdoc is a revision of R1-1719555 with Section 6 added for timing of SFI reconfiguration.


2. Payload size and coding scheme
From the discussions for the physical channel structure of GC-PDCCH, there are two options:

· Option 1: Always add CRC and use Polar code like a normal PDCCH
· Option 2: Configurable payload size and CRC or coding scheme depends on the configured payload size
· If payload size is small (<= 11 bits), no CRC, using RM
· If payload size is larger (>11 bits), add CRC, using Polar
The difference between option 1 and option 2 is the coding scheme used in the case when the payload size is smaller than or equal to 11 bits. For option 1, Polar code with CRC is used. For option 2, RM code without CRC is used. In our view, Polar with CRC is preferred for reasons shown below.

· False alarm rate

In NR, when the UE is configured to monitor GC-PDCCH, the GC-PDCCH may or may not be transmitted by gNB. In this case, CRC becomes very beneficial for maintaining a low false alarm rate (FAR). For example, FAR of Polar can be controlled at 10-6 due to CRC protection. However, the trade-off between FAR and BLER performance is difficult for RM without CRC. Figure 1 shows the FAR and BLER performance for RM without CRC. In the simulation, we assume the number of information bits is 8, and the noise is AWGN. To control FAR for blind decoding to a lower level, there reveals significant performance degradation, roughly 1 dB SNR for an order of FAR reduction. Thus it is hard for RM without CRC to achieve a good trade-off between FAR and BLER performance.

Figure 2 shows the FAR and BLER performance for ‘Polar with CRC’ and ‘RM without CRC’. From the simulation results, we can see that the BLER performance of Polar and RM is very close for all aggregation levels. Although they have similar BLER performance, RM has a much higher FAR compared to Polar, which leads to the degradation of the system performance.
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Figure 1. BLER and False alarm rate for RM without CRC
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Figure 2. BLER and False alarm rate for RM without CRC and Polar with CRC
From the overwritten rules agreed in the email discussion [90b-NR-24], SFI can overwrite the measurement in the unknown resources of semi-static UL-DL assignment. As a result, false alarm of GC-PDCCH may lead to some problems. For example, as shown in Figure 3(a), suppose slot n is “unknown” indicated by semi-static assignment, and periodic SRS and/or CSI reporting are also configured in this slot. Suppose false alarm happens in the UE side and a fake GC-PDCCH is detected by the UE. Suppose the fake GC-PDCCH indicates it is a DL slot. Since UE assumes it is a DL slot, the UE cancels the transmission of SRS and/or CSI reporting. In this case, there is no SRS for gNB to perform channel measurement and/or CSI reported from UE. Thus the system performance degrades. Similarly, Figure 3(b) shows the case when periodic RRM/CSI measurement is configured and a fake SFI overwrites it to an UL slot. In this case, the system performance degrades due to the missing RRM/CSI measurement results.
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Figure 3 Issues when false alarm of GC-PDCCH happens
· Supporting dynamic TDD

An argument for not using CRC is the overhead problem. Since GC-PDCCH is a broadcast message, and its application assumes small cell with few UEs, where dynamically adjusting slot formats can maximize the benefit of channel utilization according to their real-time traffic. In this scenario, control channel resource looks not a big issue even with Polar code and 24-bit CRC for the setting of interest. Thus, we suggest to apply a single and unified Polar coding for DL control instead of including additional RM coding. 
· Resource utilization
In option 2, the channel structure is LTE PCFICH-like design when payload size is small (<= 11 bits). In this case, a physical channel with fixed resources tied to the cell ID or some other ID is defined for the GC PDCCH. Similar to LTE the CCEs taken by NR PDCCHs are also from the remaining resources after taking out resources for GC PDCCH(s). If the GC PDCCH is not transmitted, the resources are still reserved for GC PDCCH and leads to a waste of the resources. 
From the above discussions, we have 
Proposal 1: The GC PDCCH always adds CRC and uses Polar code like a normal PDCCH.


3. UE behavior when configured GC-PDCCH carrying dynamic SFI  not detected (erasure event)
In our view, UE monitors PDCCH in the “unknown” of the semi-static assignment, but it does not transmit and receive in the “unknown” of the dynamic SFI.

When a UE is configured with GC PDCCH, but GC PDCCH is not detected, only the fixed DL or fixed UL resource are known by the UE. UE cannot make any assumption on the direction of DL/UL transmission of the other resources. Therefore, UE can only perform
· Monitoring PDCCH(s)
· RRM measurement or periodic CSI measurement/reporting only if the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource are consistent with the direction indicated by UE-specific PDCCHs.
Proposal 2: When GC PDCCH is configured to a UE but it is not detected by the UE, UE assumes all the OFDM symbols in the slot are “unknown” in the semi-static assignment and monitors PDCCH.


4. Monitoring of GC-PDCCH
In 3GPP RAN1 #90bis meeting, agreements related to monitoring period of GC-PDCCH and SFI table are shown below. In this section we consider the case when the length of the entry indicated by SFI is smaller than the monitoring periodicity. For example, suppose the monitoring period is 5 slots, and the length of entry signaled to the UE is 3 (see Figure 4). In this example, the slot formats of slot 0, 1, and 2 are obtained from SFI. The slot formats of the other slots within the period can be derived using following options

· Semi-static assignment from higher layer.
In this option, the slot formats of slot 3 and 4 are obtained from semi-static assignment.

· Repetition of the slot formats indicated by the entry in SFI.

In this option, the slot format of slot 3 is equal to the slot format of slot 0. The slot format of slot 4 is equal to the slot format of slot 1.

In our view, the option of repetition is not practical. The reason is shown below. First, since it is possible all the slots in a multi-slot slot-format can have the same slot format, there is no need to use the repetition in the second option. Secondly, since in dynamic TDD the slot format may change fast, it is hard for gNB to predict whether the slot formats will be repeated or not. Therefore, a simple way is to follow the semi-static assignment for the other slots in the period.
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-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.
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Figure 4. Example of multi-slot SFI signaling
Proposal 3. When the length of the entries indicated by SFI is smaller than the monitoring periodicity, the slot formats of the other slots where the slot format is not indicated by SFI are derived from the semi-static assignment.


5. BWP related aspects

In this section, we discuss the UE behavior during bandwidth part (BWP) switching. When the scheduled resource is moved to another configured bandwidth part, the slot structure signaled by SFI or UE-specific semi-static DL/UL assignment may not be applicable for the new BWP. For example, suppose UE 0 operates on BWP X and UE 1 operates on BWP Y. Both BWP X and BWP Y have the same cell-specific semi-static DL/UL assignment since they are in the same carrier. However, the dynamic SFI or UE-specific semi-static DL/UL assignment may be different. If UE 0 moves to BWP Y, then UE 0 cannot follow dynamic SFI or UE-specific semi-static DL/UL assignment which is signaled for BWP X. In this case, UE just follows the cell-specific semi-static DL/UL assignment and monitors PDCCH until he receives the dynamic SFI or UE-specific semi-static DL/UL assignment for BWP Y.

Proposal 4: When a UE moves to another configured BWP Y and does not receive any dynamic SFI or UE-specific semi-static DL/UL assignment for BWP Y, UE follows the cell-specific semi-static DL/UL assignment and monitors PDCCH.


6. Timing for SFI reconfiguration
This section addresses the issue about the action time of SFI reconfiguration illustrated in the figure below. Specifically, what is the minimum value of x, when an SFI is transmitted in slot N while its reconfiguration is applied at slot N+x.   
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The following bullets have been agreed in the email discussion, where the highlighted agreements imply the possibility of from ‘receive’ to ‘transmit’ (R2T) and from ‘transmit’ to ‘receive’ (T2R). Specifically, the DL/UL direction implied by measurement not under DL/UL from semi-static DL/UL assignment can be overwritten by dynamic SFI and UE-specific data. An example is as follows. A slot is assigned as “unknown” by semi-static DL/UL assignment. Later, this slot is overwritten by UE-specific RRC configuration to be for periodic channel state information report, which implies this slot is for “UL” measurement. Later again, this slot can be overwritten by dynamic SFI as “DL”. Therefore, the direction of this slot is changed from “unknown” to “UL measurement” and then to “DL”. 
· 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

Our proposal is given in the table below, where the duration of x is equal to 1 msec for all SCS.

	
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	x
	1 slot
	2 slots
	4 slots
	8 slots


The rationale of the proposal is when R2T or T2R occurs, pre-scheduled RF events need to be cancelled, and new events are assigned. The process is non-trivial, and it may be pended or pre-empted by other higher priority tasks. 

Proposal 5: The action time of SFI reconfiguration is 1 msec for all SCS.


7. Conclusion

In this contribution, we provide our considerations on the remaining issues of GC PDCCH design. We have

Proposal 1: The GC PDCCH always adds CRC and uses Polar code like a normal PDCCH.
Proposal 2: When GC PDCCH is configured to a UE but it is not detected by the UE, UE assumes all the OFDM symbols in the slot are “unknown” in the semi-static assignment and monitors PDCCH.

Proposal 3: When the length of the entries indicated by SFI is smaller than the monitoring periodicity, the slot formats of the other slots where the slot format is not indicated by SFI are derived from the semi-static assignment.
Proposal 4: When a UE moves to another configured BWP Y and does not receive any dynamic SFI or UE-specific semi-static DL/UL assignment for BWP Y, UE follows the cell-specific semi-static DL/UL assignment and monitors PDCCH.
Proposal 5: The action time of SFI reconfiguration is 1 msec for all SCS.
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