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1. Introduction
At RAN1 #101-e, PDCCH enhancements were discussed. Under email discussion thread 2, the following issues were treated, and a number of agreements were made:

[101-e-NR-L1enh-URLLC-PDCCH enhancements-02] – Chengyan (Huawei)
Remaining issues on scaling PDCCH monitoring capability by 5/29 and corresponding TP (if any) by 6/5 including
· Issue C-1: Corrections on span duration  
· Issue C-2: Corrections on “aligned spans” case 
· Issue C-3: Corrections on “unaligned spans” case 
· Issue C-4: Enhanced PDCCH monitoring capability for cross-carrier scheduling

In this contribution, we discuss two remaining issues:
1. Concerning aligned/un-aligned spans across CCs, the necessity of considering MRTD (Maximum Receive Time difference) for the inter-band CA case;
2. Span definition across slots on the same CC
Rel-16 treatment on aligned and unaligned spans
Review on Rel-16 PDCCH monitoring capability
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Figure 1 Example of aligned spans across CCs
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Figure 2 Unaligned spans across CCs


Under email discussion thread 2, the following issues were treated and an excerpt of TS 38.213 capturing the reached agreements is included below.

[101-e-NR-L1enh-URLLC-PDCCH enhancements-02] – Chengyan (Huawei)
Remaining issues on scaling PDCCH monitoring capability by 5/29 and corresponding TP (if any) by 6/5 including
· Issue C-1: Corrections on span duration  
· Issue C-2: Corrections on “aligned spans” case 
· Issue C-3: Corrections on “unaligned spans” case 
· Issue C-4: Enhanced PDCCH monitoring capability for cross-carrier scheduling
~~~~~~~~~~~~~~~~~~~ End of excerpt from TS 38.213, v16.2.0 ~~~~~~~~~~~~~~~~~~~~~~~


~~~~~~~~~~~~~~~~~~~ End of excerpt from TS 38.213, v16.2.0 ~~~~~~~~~~~~~~~~~~~~~~~

For CCs with aligned spans, the scaled limits for blind detection and non-overlapping CCEs are applied to spans at aligned durations. Using Figure 1 as an example, for a1, a2, …, a6 as number of blind detections (or non-overlapping CCEs) on spans over CC1, and b1, b2, …, b6 as number of blind detections (or non-overlapping CCEs) on spans over CC2, the following conditions are guaranteed by network configuration:
· 
· …
· 


For un-aligned spans, the scaled limits for blind detection and non-overlapping CCEs are applied to the sum of the “worst” spans at CCs. Using Figure 2 as an example, for e1, e2, …, e6 as number of blind detections (or non-overlapping CCEs) on spans over CC1, and f1, f2, …, f5 as number of blind detections (or non-overlapping CCEs) on spans over CC2, the following conditions are guaranteed by network configuration:

· 


Depending on gNB configuration, for the aligned cases, the PDCCH monitoring load can vary significantly across a CC, nevertheless, the sum of the load across CCs is limited at aligned durations. Using 2 CCs over 6 spans as an example, 
· the PDCCH monitoring load at CC1 can be low over spans of odd indices (1, 3 and 5), and high over spans of even indices (2, 4 and 6); and
· the PDCCH monitoring load at CC2 can be high over spans of odd indices (1, 3 and 5), and low over spans of even indices (2, 4 and 6).
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Figure 3 Time varying load across spans in a slot

MRTD in inter-band CA
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Figure 4 MRTD from TS 38.133

The scaled limits for Rel-16 PDCCH monitoring are for carrier aggregation. Two cases can be considered separately: intra-band CA and inter-band CA. In the RAN4 specification, the MRTD (Maximum Receive Time Difference) requirements for intra-band CA and inter-band CA are specified. It can be seen for inter-band CA, the MRTD can be as high as 33 microseconds, roughly equal to one symbol duration at 30 KHz SCS. 
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Figure 5 Nominally aligned CCs are unaligned in reality due to MRTD

From the example in Figure 5, it is seen when the maximum 33 microseconds’ MRTD is present, the nominally aligned spans across CC1 and CC2 are actually unaligned, the scaled limit no longer reflects well the UE processing complexity. 
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For all practical purposes, the limits for the “unaligned” case should be applied instead of those for the aligned case. Hence the inter-band CA case, irrespective of the PDCCH monitoring configurations by the gNB, all the spans of CCs at the same numerology should be considered as unaligned. Without that, declaring the UE capability to support Rel-16 PDCCH monitoring capability constitutes the support for both intra-band CA and inter-band CA cases. Either the UE modem processing capability has to be powerful/complicated enough to handle all cases, or the UE won’t declare such a capability even the UE can handle the intra-band case and encounters problem with the inter-band case only. We see neither case as desirable. Thus, we have 

Proposal 1: for inter-band CA, at a given numerology and given span pattern, all CCs are considered unaligned; adopt text proposal for Proposal 1 in Appendix.

Another issue related to PDCCH monitoring is time-invariance of span pattern across slots at a CC. Towards the end of RAN1 101-e’s email discussion, it seems companies were ready to agree on that. But due to limited time, the exact wording could not be finalized. The formulation used for Feature 3-5b “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” can be adopted to handle the span definition across all slots.

In Rel-16, scheduling latency due to limited PDCCH monitoring occasions has been extensively discussed at both the SI and WI stages, and the Rel-16 PDCCH monitoring capability is supported to reduce scheduling/alignment latency. First, we fail to see what URLLC traffic profile would benefit from time-varying span pattern across slots; second allowing time varying span pattern across slots leads to UE implementation challenge.  Continuing the discussion from then, we have: 

Proposal 2: on a CC, the same span pattern repeats in every slot; adopt the text proposal for Proposal 2 in Appendix.
3. Conclusions
In this contribution we share our views on PDCCH enhancements. We have

Proposal 1: for inter-band CA, at a given numerology and given span pattern, all CCs are considered unaligned; adopt the text proposal for Proposal 1 in Appendix.

Proposal 2: on a CC, the same span pattern repeats in every slot; adopt the text proposal for Proposal 2 in Appendix.
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Appendix

Text proposal for Proposal 1
--------------------------------------Start of Text Proposal on TS 38.213--------------------------------------

10.1 UE procedure for determining physical downlink control channel assignment
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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  PDCCH candidates or more than  non-overlapped CCEs 
-	for intra-band carrier aggregation, per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
<Unchanged parts are omitted>
---------------------------------------End of Text Proposal on TS 38.213 -------------------------------------


Text proposal for Proposal 2

--------------------------------------Start of Text Proposal on TS 38.213--------------------------------------
10 UE procedure for receiving control information

<Unchanged parts are omitted>
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and .  A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span.  The same span pattern repeats in every slot. 
If a UE monitors PDCCH on a cell according to combination , 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. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to Y. 

<Unchanged parts are omitted>
---------------------------------------End of Text Proposal on TS 38.213 ----------------------------------
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-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
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where  is a number of configured cells with SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell, from the  downlink cells using combination , more than  PDCCH candidates or more than  non-overlapped CCEs per span.

A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span, respectively
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For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the
UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to
be aggregated at the UE receiver as shown in Table 7.6.4-1 below.

Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR
carrier aggregation

Frequency Range Maximum receive timing
difference (us)
FR1 3!
FR2 0.26

Note 1:  In the case of different SCS on different CCs, if the
receive time difference exceeds the cyclic prefix
length of that SCS, demodulation performance
degradation is expected for the first symbol of the
slot.

For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference
between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.

Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation

Frequency Range of Maximum receive timing
the pair of carriers difference (us)
FR1 33
FR2 8
Between FR1 and FR2 25
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