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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1 102e and 103e, many companies discussed physical design for 52.6-71 GHz, including new numerology, carrier bandwidth, phase noise impacts, channel access mechanism, beam management，initial access and physical channel/signal, etc. Various proposals have been discussed and multiple agreements have been reached on PHY design for 52.6-71 GHz support in previous meetings. In RAN#90-e meeting, the WID of extending current NR operation to 71GHz has been agreed. And the following PDCCH monitoring enhancement has been made [1]:
	· Physical layer procedure(s) including [RAN1]:
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.



In RAN1 104-e meeting, multi-slot span PDCCH monitoring capacity is reached due to higher SCS introduced for above 52.6GHz. In this contribution, we will provide our views on PDCCH monitoring enhancement for operation in the 60GHz unlicensed band. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
In RAN1 104-e, the following agreement related to PDCCH monitoring enhancement is reached [1]: 
	Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS


2.1 [bookmark: OLE_LINK31]PDCCH candidates allocation per multi-slot span
In last meeting, it is agreed that relax per-slot PDCCH monitoring to multi-slot PDCCH monitoring for high SCS. The points for further study how to define the multi-slot PDCCH monitoring capability. In other company’s draft [3], it was proposed that the number of BD/CCE in multi-slot span should be limited. If a large number of BDs and CCEs are forced per slot, the total number of BD and CCE in a multi-slot span could be significantly high because the total number of slots is 4x or 8x of SCS 120kHz. As shown in Figure 1, the numbers of BDs and CCEs are distributed in 4 consecutive slots, and there is no limit to configuration in each slot within the 4 slots. In special cases, gNB can respectively configure most/all of the BDS/CCE slots in slot A and consecutive slot B, which belong to different multi-slots span. However, this configuration causes a larger PDCCH detection capability, as the number of PDCCH detection for one UE is nearly double. Therefore, there is a need to restrict the number of BD/CCE of adjacent/consecutive slots belonging to different multi-slot spans. One easy way to put an upper limit of the number of the BDs/CCEs in two adjacent/consecutive slots belonging to different multi-slot spans.  


Figure 1: Illustration of multi-slot span
Proposal 1: It is necessary to limit the number of the BDs/CCEs in two adjacent/consecutive slots belonging to different multi-slot spans.  
2.2 Dropping per multi-slot span
When multi-slot PDCCH monitoring is introduced, there will be a related problem of PDCCH overbooking. In NR Rel-15, the maximum number of BDS/CCE in a slot is determined based on the capability of the UE. For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a slot by the configuration of SS set(s) is larger than the corresponding maximum number. However, for a SCell, the gNB should guarantee that numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that do not exceed the corresponding maximum numbers per slot or per span, respectively.
	TS38.213[4]:
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.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span.


The similar rules could be extended to multi-slot span. For PCell or PSCell, it is allowed that the numbers of monitored PDCCH candidates and non-overlapped CCEs in a multi-slot span by the configuration of SS set(s) that exceed the corresponding maximum numbers. Define certain dropping rules, so that the actual number in the multi-slots span does not exceed the corresponding maximum number.
Proposal 2: PDCCH overbooking per-slot in NR Rel-15 can reused in multi-slot span for beyond 52.6GHz.
In Rel-15, there is no dropping method applied to the CSS set for PCell/PSCell. Therefore, the similar rule can be reused in multi-slot spans. When handling USS sets, if the total number of BDs/CCEs exceeds the corresponding maximum number, the same principle as Rel-15 can be reused, namely dropping USS sets with high index of SS sets. In addition, the PDCCH MOs of the USS set may be configured in multiple slots in the multi-slot span, the USS set in all the multiple slots is dropped slot by slot. Considering the different number of USS in each slot, there are certain rules for dropping one slot, such as dropping slot from back to front or dropping slot with the largest number of USS sets. In addition, dropping USS set should be based on the set ID. Small ID preferentially perform PDCCH monitoring, and larger ID perform dropping.
Proposal 3: It is expected there is no dropping for CSS sets for PCell/PSCell in PDCCH overbooking.
Proposal 4: To handling USS dropping in PDCCH overbooking in the multi-slot span
· If the PDCCH MOs of a USS set are configured in multiple slots in the multi-slot span, the USS set in all the multiple slots is dropped based on the certain order of the slots.
2.3 [bookmark: OLE_LINK33][bookmark: OLE_LINK34]SS switching between single-slot and multi-slot span
On the one hand, many of the UE capabilities are already numerology dependent and the “slot” is commonly used as a reference time grid to confine the capabilities. On the other hand, if the UE is expected to monitor PDCCH in every slot, the micro-sleep opportunities decrease due to the short slot length for the high SCS and the power efficiency during the connected mode would be degraded. Therefore, for the high SCSs, multi-slot can be considered to confine the UE capabilities. In conclusion, it is desirable to support both per-slot and multi-slot span PDCCH monitoring capabilities for different SCSs. However, it needs further discussion how to switch between single-slot and multi-slot span or multi-slot of different lengths.
[bookmark: _Toc61822879][bookmark: _Toc61859758][bookmark: _Toc61859947][bookmark: _Toc61869393]Proposal 5: Support both single-slot and multi-slot based PDCCH monitoring capabilities for above 52.6GHz.
Each search space set group may be configured for either per-slot or per-span PDCCH monitoring. In order to access the unlicensed spectrum as soon as possible when the gNB passes the LBT. It is better to transmit the PDCCH frequently in the time domain. However, when the unlicensed spectrum is occupied, a sparse PDCCH monitoring occasion is beneficial to the power consumption of UE. Therefore, search space set group switching will provide more dynamic transition between per-slot and per-span PDCCH monitoring.
Proposal 6: Support a dynamic switching between single-slot and multi-slot based PDCCH monitoring capabilities for the high SCSs.
2.4  Cross-carrier scheduling
Cross-carrier scheduling is useful for NR. Therefore, it is expected that cross-carrier scheduling between serving cells using SCS 120/480/960kHz can be supported. In the CA case, due to different SCS, some cells are based on per-slot PDCCH monitoring, some ones are based on multi-slot PDCCH monitoring, and some are based on per-span PDCCH monitoring, even the number of slot in the multi-slot is not same in different cells. One discussion point is how to determine the number of monitored PDCCH candidates and non-overlapping CCE for different cells combine in the CA scenario. In addition, another point of discussion is carrier aggregation (CA) between cells with frequencies of 52.6-71GHz and FR2 or even FR1 cells. Such CA scenario could be supported, especially considering PCells below 52.6-71GHz are more appropriate for coverage/robustness.
Proposal 7: The allocation of BDs/CCEs need further study in different cells for CA case.
[bookmark: _GoBack]Proposal 8: Carrier aggregation between a cell with a frequency of 52.6-71GHz and a cell in FR2 or even FR1 could be supported.
Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we discussed some of the potential PDCCH monitoring enhancements over high carrier frequency band and the following observations and proposals were made.
Proposal 1: It is necessary to limit the number of the BDs/CCEs in two adjacent/consecutive slots belonging to different multi-slot spans.  
Proposal 2: PDCCH overbooking per-slot in NR Rel-15 can reused in multi-slot span for beyond 52.6GHz.
Proposal 3: It is expected there is no dropping for CSS sets for PCell/PSCell in PDCCH overbooking.
Proposal 4: To handling USS dropping in PDCCH overbooking in the multi-slot span
· If the PDCCH MOs of a USS set are configured in multiple slots in the multi-slot span, the USS set in all the multiple slots is dropped  based on the certain  index of slot.
Proposal 5: For the high SCSs, support both single-slot and multi-slot based PDCCH monitoring capabilities.
Proposal 6: Support a dynamic switching between single-slot and multi-slot based PDCCH monitoring capabilities for the high SCSs.
Proposal 7: The allocation of BDs/CCEs need further study in different cells for CA case.
Proposal 8: Carrier aggregation between a cell with a frequency of 52.6-71GHz and a cell in FR2 or even FR1 could be supported.

Reference
[1] RP-202925 Revised WID: Extending current NR operation to 71GHz, 2020-12
[2] RAN1#104-e, Chairman Minutes.
[3] R1-2100644, “Discussion on PDCCH monitoring enhancements for extending NR up to 71 GHz,” Intel
[4] 3GPP TS 38.213 V16.3.0, “NR; Physical layer procedures for control”. 
image1.emf
Slot

Slot A Slot B

M-slot span 1 M-slot span 2


Microsoft_Visio___.vsdx
Slot
Slot A
Slot B
M-slot span 1
M-slot span 2



