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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92bis meetings, it was agreed that at most 4 different DCI sizes will be monitored by a UE in a slot as below:
Agreements:
· To confirm the following working assumption:
·  (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
The contribution firstly discusses the maximum number of DCIs to be monitored. Then discussion on the PDCCH monitoring occasions is provided also.  
The maximum number of DCIs to be monitored 
According to the current agreement, there is no definition on the maximum number of DCIs that a UE expects to monitor in a single slot. It seems reasonable to define the capability on the number of DCIs that can be detected per cell per slot, especially for the C-RNTI. Also since the definition of the UE capability is for UE complexity, multiple UE capabilities could be considered also to support different values.
The number of DCIs to be monitored depends on many different aspects, e.g. different subcarrier spacing, different RNTI, different search space type, different monitoring cases (i.e. case 1-1, case 1-2 or case 2), uplink or downlink, and so on. Some analysis is given as below:
1. Form RNTI/search space type perspective
a) [bookmark: _GoBack]For C-RNTI/CS-RNTI/SP-CSI-RNTI, there may be more than one DCI to be monitored, since at least both uplink grant and downlink assignment will use the same C-RNTI for a given UE, and cross-slot scheduling should be also under consideration.
b) For other RNTIs, we don’t see the necessity of more than one valid DCI for UE to monitor in a single slot per scheduled carrier. So for the other RNTIs which are not C-RNTI/CS-RNTI/SP-CSI-RNTI, only one valid DCI should be monitored for a given RNTI in a slot per scheduled carrier.
c) DCI scrambled with C-RNTI/CS-RNTI/SP-CSI-RNTI will occur in both CSS and USS, while DCI for RMSI, scheduling DCI for OSI, scheduling DCI for Paging and scheduling DCI for RAR will be only in CSS.
2. From different subcarrier spacing
a) For different subcarrier spacing, different number of DCIs to be monitored should be defined. For higher SCS, e.g. 120 kHz, the duration of one slot is only 0.125ms, and the duration of one symbol in NCP is only about 9us, then the duration of a CORESET with 3 symbols is only about 27us. UE doesn’t expect to decode too many DCIs to be monitored in such short duration.
3. Different cases
a) For Case 1-1 and Case 1-2, only one monitoring occasion will occur within 14 symbols, so the number of valid DCI can be small. 
b) For Case 2, there can be more than one monitoring occasion in a single slot. E.g. there may be 7 monitoring occasion with 2 OS in each occasion. Thus the number of DCIs to be monitored for case 2 should be no less than the one of Case 1-1 and Case 1-2.
In order to limit the complexity and power consumption of PDCCH monitoring, the maximum number of DCIs that a UE expects to monitor per slot should be not too large. An example of the number of DCIs to be monitored per slot per scheduled carrier under different conditions is given as in the Table below. The values in the table below can be considered as baseline. However, to provide more flexibility to support different application scenarios, some higher UE capability with larger values could be supported also.  
	Number of valid DCIs in a single slot 
per scheduled carrier (UL+DL)
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	C-RNTI/CS-RNTI/ 
SP-CSI-RNTI
 in both CSS and USS
	case 1-1
	[2]+[2]
	[2]+[2]
	[1]+[1]
	[1]+[1]

	
	case 1-2
	[2]+[2]
	/
	/
	/

	
	case 2
	[4]+[4]
	[4]+[4]
	[2]+[2]
	[1]+[1]

	Not C-RNTI/CS-RNTI/ SP-CSI-RNTI in CSS, per RNTI
	case 1-1
	1
	1
	1
	1

	
	case 1-2
	1
	/
	/
	/

	
	case 2
	1
	1
	1
	1


		
Proposal 1: One of the UE capabilities on the maximum number of DCIs to be monitored per slot per scheduled carrier is,
· for C-RNTI/CS-RNTI/SP-CSI-RNTI in both CSS and USS, at most [2] UL grants and [2] DL assignments for case 1-1 or case 1-2 under 15 kHz SCS, at most [2] UL grants and [2] DL assignments for case 1-1 under 30 kHz SCS, at most [1] UL grant and [1] DL assignment for case 1-1 under 60 kHz and 120k Hz SCS
· for C-RNTI/CS-RNTI/SP-CSI-RNTI in both CSS and USS for case 2, at most [4] UL grants and [4] DL assignments under 15 kHz and 30 kHz SCS, at most [2] UL grants and [2] DL assignments under 60 kHz SCS, at most [1] UL grant and [1] DL assignment under 120k Hz SCS
· for other RNTIs in CSS, at most 1 valid DCI per RNTI for all the cases under all different SCS.
In addition to the capability on the number of DCIs to be monitored per slot per cell, we think it is also very important to support RRC configuration of the number of DCIs scrambled with C-RNTI to be monitored per slot per serving cell for PDSCH or PUSCH. Otherwise, UE doesn’t know how many DCI with C-RNTI expected to be monitored. Note that the configured value should not exceed the UE capability. 
Proposal 2: The number of DCIs scrambled with C-RNTI to be monitored per slot per serving cell for PDSCH transmission and/or PUSCH transmission is configured by UE-specific higher layer signaling. 
Discussion on PDCCH monitoring occasions
In NR, there are at most 10 search-space-sets could be configured to one UE，and for each search-space-set, the UE determines a PDCCH monitoring occasion(s) exists in a slot from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern. In addition, during the discussion on UE feature, it was agreed for case 2 that the minimum time separation between two unicast DCIs for a same UE could be 2 OS for 15 kHz, 4OS for 30 kHz, and 7OS for 60 kHz with NCP. That is to say, if the UE is configured with one USS whose PDCCH monitoring occasion is per 2 OS in a slot, then there is 7 occasions in one slot could be used to schedule URLLC, which is enough to guarantee the latency, so there is no need to configured with another USS whose PDCCH monitoring occasion is also per 2 OS in a slot but the starting symbol is different from the first one. In other words, from URLLC perspective, the time separation between two monitoring occasions could be at least 2 OS for 15 kHz, 4OS for 30 kHz, 7OS for 60kHz, 14 OS for 120 kHz. Figure 2 is an example of case 2 for 15kHz SCS, in which one green grid means one search space set with the time span of up to 3 OFDM symbols. 
[image: ]
Figure 1 Constraint on the monitoring occasion of PDCCH in a single slot for UE.
There is an association between the search space set and a control resource set, and the duration of control resource set could be 1 or 2 or 3 symbols, then UE should monitor PDCCH in a monitoring windows defined by the configuration of the USS set and the duration of associated CORESET. So even if  the time separation between two monitoring occasion is at least 2 OS for 15 kHz, there are some cases the UE should monitor PDCCH in overlapped monitoring windows, which could be illustrated in Figure 2. Because the PDCCH is mapped in time domain firstly, so there should be no time-domain overlap between different monitoring windows with different occasions.
		Proposal 3: UE is not expected to be configured with partially overlapped monitoring windows with different monitoring occasions. 
· A monitoring window is defined by a monitoring occasion of the USS set and the duration of associated CORESET.

Conclusion
Based on above discussions, the following proposals are given:
		Proposal 1: One of the UE capabilities on the maximum number of DCIs to be monitored per slot per scheduled carrier is,
· for C-RNTI/CS-RNTI/SP-CSI-RNTI in both CSS and USS, at most [2] UL grants and [2] DL assignments for case 1-1 or case 1-2 under 15 kHz SCS, at most [2] UL grants and [2] DL assignments for case 1-1 under 30 kHz SCS, at most [1] UL grant and [1] DL assignment for case 1-1 under 60 kHz and 120k Hz SCS
· for C-RNTI/CS-RNTI/SP-CSI-RNTI in both CSS and USS for case 2, at most [4] UL grants and [4] DL assignments under 15 kHz and 30 kHz SCS, at most [2] UL grants and [2] DL assignments under 60 kHz SCS, at most [1] UL grant and [1] DL assignment under 120k Hz SCS
· for other RNTIs in CSS, at most 1 valid DCI per RNTI for all the cases under all different SCS.
								Proposal 2: The number of DCIs scrambled with C-RNTI to be monitored per slot per serving cell for PDSCH transmission and/or PUSCH transmission is configured by UE-specific higher layer signaling. 
		Proposal 3: UE is not expected to be configured with partially overlapped monitoring windows with different monitoring occasions. 
· A monitoring window is defined by a monitoring occasion of the USS set and the duration of associated CORESET.
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