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Introduction

For PDCCH enhancement, there are still some remaining issues to be further clarified and determined, such as: 

1) How to determine the duration of span
2) Remaining issues on scaling PDCCH monitoring capability

3) DCI size alignment
4) Determination of DCI field sizes for the case of two HARQ-ACK codebooks
In this contribution, we mainly focus on the above issues and give the corresponding text proposals. 

How to determine the duration of a span
During the discussion in the RAN1#100bis-e meeting, companies have different understandings on how to determine the duration of a span. In the following, we try to clarify the span definition defined in TS 38.213 [1] and TR 38.822 [2] which are also listed below.
	TS 38.213

A UE reports one or more combinations of 
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, for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. The duration of a span is 
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 that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot. 

	TR 38.822

PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.


There could be two interpretations on the duration of span as below.

Interpretation 1: 
[image: image8.wmf])

,

max(

min

max

,

Y

d

d

CORESET

span

=

 and span duration can not be larger than Y.

Interpretation 2: 
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If we only take the definition in TS 38.213 for reference, then Interpretation 2 should be the way to go. If we take the definition in TR 38.822 for reference, then whether Interpretation 1 or Interpretation 2 is the correct intention depends on how to understand the relation between “length up to Y” and “ 
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”.  If both conditions should be satisfied, then Interpretation 1 is correct. If “length up to Y” is just an intermediate description and then overridden by the later condition “ 
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For example, in accordance with Interpretation 2, the span duration can be larger than Y in case set3 = (2, 2) and (4, 3) and (7, 3) is reported and 3 symbols CORESET duration is configured. Then span pattern of (2,2) on CC3 in Figure 1 is valid, and the three cells in Figure 1 is aligned case for (2,2). If on the basis of Interpretation 1, span pattern of (2,2) on CC3 in Figure 1 is an invalid configuration.
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Figure 1 Whether three cells are aligned case for (2,2) or not

If we choose Interpretation 1, span definition in TS 38.213 should be updated with the restriction of each span is of length up to Y consecutive OFDM symbols of a slot. If we choose Interpretation 2, no need to update current span definition in TS 38.213.

Proposal 1: The definition of span duration should be clarified whether span duration can be larger than Y or not. If span duration can not be larger than Y, adopt the following Text Proposal #1 for section 10 in TS38.213.

--------------------------------------------Text Proposal #1 for Section 10 in TS38.213 [1]-----------------------------------

	10 UE procedure for receiving control information
<---------------------------Other parts are omitted ------------------------------->
A UE reports one or more combinations of 
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, for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. The duration of a span is 
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<---------------------------Other parts are omitted ------------------------------->


Remaining issues on scaling PDCCH monitoring capability

When the number of CCs configured is larger than the reported capability, agreements listed below on scaling PDCCH monitoring capability was reached in RAN1 #100b-e [3] .The related spec listed below in TS 38.213 [7] is still incompletely. Another issue is how to incorporate with Rel-16 MIMO changes.
	Agreements:
If a UE is configured with 
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is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 

If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, 
[image: image28.wmf]r16

-

cap

cells

N

 is replaced by
[image: image29.wmf]r16

-

cap

r16

cells,

N

. 

The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of 
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, if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

	TS 38.213

If a UE is configured only with 
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 downlink cells using combination (X,Y) for PDCCH monitoring, and having active DL BWPs using SCS configuration 
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, a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than 
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per span on the active DL BWP(s) of all scheduling cell(s) from the 
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 is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration j. If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, 
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TP for non-aligned spans case
For CA case in Rel-15, ‘per slot’ PDCCH scaling of non-overlapped CCE/candidate means the scaling is performed among all the aligned slots with one slot per scheduling cell. Similarly, this can be applied to ‘per span’ PDCCH scaling for aligned span case. For non-aligned span case, ‘per span’ PDCCH scaling can still be applicable for each combination of spans with at most one span per scheduling cell. That is, the scaling is performed among all the spans for each combination with one span per scheduling cell. 

Based on above, the Text Proposal #2 is given below.
Proposal 2: Adopt the following Text Proposal #2 for section 10.1 in TS38.213.

--------------------------------------------Text Proposal #1 for Section 10 in TS38.213 [7]-----------------------------------

	10.1 UE procedure for determining physical downlink control channel assignment
<---------------------------Other parts are omitted ------------------------------->
If a UE is configured only with 
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 downlink cells using combination (X,Y) for PDCCH monitoring, and having active DL BWPs using SCS configuration 
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, a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than 
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 is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration j. If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, 
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image56.wmf]m
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<---------------------------Other parts are omitted ------------------------------->


Incorporate with Rel-16 MIMO changes
In TS 38.213, there are also some updates on PDCCH monitoring part that are made in Rel-16 MIMO enhancement. In brief, if a UE is not provided CORESETPoolIndex there is only one set of 
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 downlink cells using Rel-16 PDCCH monitoring capability. In our view, there is no contradiction between the enhancements for Rel-16 URLLC and Rel-16 MIMO, we propose the following text proposal.  

Proposal 3: Adopt text proposal #3 below for Section 10.1 in TS38.213.  
------------------------------------Text Proposal #3 for Section 10.1 in TS38.213 [7]---------------------------------
	10.1 UE procedure for determining physical downlink control channel assignment
<---------------------------Other parts are omitted ------------------------------->
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X,Y) = (2, 2), (4, 3), and (7, 3) per SCS configuration  of 
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 = 1. If the UE indicates a capability to monitor PDCCH according to multiple (X,Y) combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the multiple combinations (X,Y), the UE is expected to monitor PDCCH on the cell according to the combination (X,Y) associated with the largest maximum number of 
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If a UE is configured with  
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 downlink cells using Rel-15 PDCCH monitoring capability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration [image: image77.wmf]m
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 downlink cells using Rel-16 PDCCH monitoring capability with active DL BWPs using SCS configuration 
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 downlink cells using Rel-15 PDCCH monitoring capability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration 
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 non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the 
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image113.wmf]m
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image117.wmf]m
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If a UE is configured only with 
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 downlink cells using Rel-16 PDCCH monitoring capability, and with 
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 downlink cells using combination (X,Y) for PDCCH monitoring, and having active DL BWPs using SCS configuration 
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, a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than 
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per span on the active DL BWP(s) of all scheduling cell(s) from the 
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 downlink cells results to PDCCH monitoring according to the combination (X,Y), 
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 downlink cells for any combination of spans with at most one span per scheduling cell, otherwise 

where 
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 is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration j. If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, 
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image145.wmf]m
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image150.wmf]m
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<---------------------------Other parts are omitted ------------------------------->


Remaining issues on DCI size alignment

Remaining issues on DCI size alignment are discussed extensively in [100e-NR-L1enh_URLLC_PDCCH-01] [4]. There are three questions listed below.

Question 1: How to distinguish DCI format 0_2/1_2 and DCI format 0_0/1_0?

Question 2: How to distinguish DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 in another USS?

Question 3: How to distinguish DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS if configured?

For Question 1, using one zero-padding bit seems a straight scheme which has already been adopted in the spec in step 2 to distinguish DCI format 0_1/1_1 and DCI format 0_0/1_0. So, we suggest removing the “[]” in step 2A.

	Step 2:

-
Determine DCI format 0_1 monitored in a UE-specific search space according to clause 7.3.1.1.2.

-
Determine DCI format 1_1 monitored in a UE-specific search space according to clause 7.3.1.2.2.

-
For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.

-
If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.

-
If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.

Step 2A:

-
Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.

-
Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3. 

-
For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended to smaller format 0_2 until the payload size equals that of the larger format 0_2.

-
[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]

-
[If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]


For Question 2&3, using one zero-padding bit is also preferred to avoid ambiguity for the two DCI formats. And we agree the TP for Sec. 7.3.1.0 of 38.212 v16.0.0 in [4].
Proposal 4: Using one zero-padding bit is preferred to distinguish DCI format 0_2/1_2 and DCI format 0_0/1_0, or DCI format 0_2/1_2 and DCI format 0_1/1_1.

Determination of DCI field sizes for the case of two HARQ-ACK codebooks
In the RAN1#99 meeting [5], the following working assumption was made and has not been confirmed yet.

	Working assumption:

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 

PDSCH-to-HARQ_feedback timing indicator 

Beta offset indicator 

DAI

CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)


For the case “when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE”, the working assumption can be confirmed with following update. Because CBG operation for PUSCH has nothing to do with two HARQ-ACK codebooks constructions.
	Working assumption:

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 

PDSCH-to-HARQ_feedback timing indicator 

Beta offset indicator 

DAI

CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)


If the case is extended to “the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE”, whether the intention of working assumption is applicable or not mainly depends on the result of UCI agenda [6] and the related proposal is copied below. This can be further discussed based on the output form UCI agenda.
	Proposal:
If a UE is capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, the UE is expected to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_1 / 1_1, DCI format 0_2/1_2 or DCI formats 0_1/1_1/0_2/1_2 if the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2.

If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, down-select between the two:

Alt-1 (based on Interpretation 1): The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).

Alt-2 (based on Interpretation 2): The UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2.

Due to the time limit, the down-selection of the two alternatives can be made in the next RAN1 meeting.


Proposal 5: Confirmed the working assumption with the following update.

	Working assumption:

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 

PDSCH-to-HARQ_feedback timing indicator 

Beta offset indicator 

DAI

CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)


Conclusions

In this contribution, the remaining issues of Rel-16 URLLC PDCCH are discussed. The proposals are made as follows, and corresponding text proposals is provided in each section respectively. 

Proposal 1: The definition of span duration should be clarified whether span duration can be larger than Y or not. If span duration can not be larger than Y, adopt the following Text Proposal #1 for section 10 in TS38.213.

Proposal 2: Adopt the following Text Proposal #2 for section 10.1 in TS38.213.

Proposal 3: Adopt text proposal #3 below for Section 10.1 in TS38.213.

Proposal 4: Using one zero-padding bit is preferred to distinguish DCI format 0_2/1_2 and DCI format 0_0/1_0, or DCI format 0_2/1_2 and DCI format 0_1/1_1.

Proposal 5: Confirmed the working assumption with the following update.

	Working assumption:

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 

PDSCH-to-HARQ_feedback timing indicator 

Beta offset indicator 

DAI

CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
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