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Introduction
In the previous meeting, RAN1 has finally reached consensus of a workable solution on how to define multi-slot monitoring capability. It is based on the fixed pattern of slot groups where each slot group contains  slots. For Group (1) search spaces (i.e. Type 1 CSS with dedicated RRC configuration, Type 3 CSS, and UE specific SS), UE only needs to monitor  consecutive slots out of  slots. 
As also agreed, the  consecutive slots can be located anywhere within the slot group of  slots, but the location of the  consecutive slots within the slot group of  slots should be maintained across different slot groups.  
The following is the corresponding text from 38.213 v17.0.0 that reflects the above.
	TS 38.213 v17.0.0, Section 10
…
For SCS configuration  or , a UE can indicate a capability to monitor PDCCH according to one or more combinations , where  and  are numbers of consecutive slots, groups of  slots are consecutive and non-overlapping, and the  slots are within the  slots. The first group of  slots starts from the beginning of a subframe. The start of two consecutive groups of  slots is separated by  slots. 
If a UE monitors PDCCH on a cell according to combination , the UE can monitor PDCCH for Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets in any slot of the  slots, and the UE can monitor PDCCH for Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1 in any slot of the  slots. The UE determines the number of monitored PDCCH candidates and the number of non-overlapped CCEs for combination  based on all search space sets within the  slots, as applicable according to the search space set configurations, and maximum corresponding values are provided in Table 10.1-2B and Table 10.1-3B, respectively. 
…



One remaining question is, do we need to specify a way to determine the location of  within ? If not, can UE simply follows the search space configuration of all Group (1) SS by gNB? In other words, can the location of  automatically be obtained to cover all MOs of Group (1) SS that are configured to the UE? In this paper, we provide our analysis to these questions. 





Location determination of Ys within Xs 
At first glance, it seems feasible to configure all Group (1) SS MOs within . However, one pre-requisite would be the periodicity of all search spaces is an integer number of , upon which there is no agreement yet. Without such restriction on the periodicity, it can happen that some MOs would fall outside the  for some slot group. The following figure shows one example, where USS has periodicity of 4 slots (=) but the CSS has periodicity of 6 slots. 


Fig.1 Infeasibility to restrict all MOs into  due to mismatched periodicity 
As shown in Fig.1, since the location of  must be maintained across different slot groups, if it is determined based on the 1st slot group to cover both USS and CSS MOs then it cannot cover the CSS MO in the 2nd slot group. On the other hand, if the location of  is determined based on the 2nd slot group to cover both MOs at slots#5 and #6, it cannot cover the CSS MO at slot#0 in the 1st slot group. The dilemma comes from the that fact that the search space periodicity does not match the size of slot group. Therefore, the constraints on periodicity configuration of Group (1) SS should be introduced because it is aligned with the intention of multiple slot monitoring behaviour. 
Proposal 1: For Group(1) SS configuration, the periodicity can only be integer number of Xs. 

Even if the above-mentioned constraint on search space periodicity is introduced, it can still happen that the configured MOs sometimes fall outside the . For example, considering the TDMed-beam transmission of CSS (of Group (1)), UE may need to monitor a different slot for CSS when UE’s serving beam is changed. However, for USS, gNB can simply change the serving beam without changing the MO location since USS MO is unicast to the UE. In this case, it can happen that CSS MO becomes far away from the USS MO of the new serving beam such that  cannot include both CSS and USS MOs anymore.
The following Fig.2 illustrates one example. As shown, in the first slot group (UE is served by yellow beam), the location of  is the first slot, covering USS MO and CSS MO of the yellow beam. When UE moves from the coverage of yellow beam to green beam in the second slot group, the corresponding CSS MO location for the UE has to been changed as well because the previous CSS MO would still be used for other UEs covered by the yellow beam. Consequently, the new CSS MO for the UE becomes outside the . According to the current spec, the UE may not receive such CSS because UE is not required to monitor Group(1) CSS outside .



Fig.2 Infeasibility to restrict all MOs into  due to beam switching 

To fix the above-mentioned issue, we need two amendments to existing multi-slot monitoring framework. The first one is to allow the location of  to change across different slot groups if new MO is configured. This only happens temporally. After the location of  is adapted to the new configuration of MOs, it would maintain the same across future slot groups. In particular, we propose the following:
Proposal 2: In case that new MO of Group(1) SS is configured, the location of Ys within Xs can be adapted accordingly. 
The second amendment is to define a criterion for the location determination of . Because of the fact that it is not be feasible to restrict all MOs of Group (1) SS within  for all the time, we propose to prioritize the CSS MO. Specifically, we have the following proposal:
Proposal 3: Location of Ys should first include all CSS MOs (of Group(1) SS) that are monitored by UE, then USS MOs can be further included in Ys from USS with lower to higher indices. Certain USS MO would be dropped if it cannot be included in Ys. 

The following Fig.3 illustrates how the above two proposals are used. Similar to Fig.2, the UE is first served by yellow beam and therefore the location of is determined by the CSS MO of the yellow beam (which is the first slot in a slot group). UE is not required to monitor USS2 MO in 1st slot group because it is outside . When UE moves from the coverage of yellow beam to green beam in the 2nd slot group, gNB indicates the change of UE’ serving beam. This can be done using MAC CE to activate a new TCI state of the related CORESETs, according to the existing procedure. After receiving the beam switching indication, UE shall monitor a different MO of CSS corresponding to the new beam due the nature of beam-sweeping transmission of CSS. The beam-sweeping pattern (i.e. which MO of CSS corresponds to which beam) can be pre-configured to the UE such that no RRC reconfiguration is needed every time when beam is switched. According to Proposal 3, the location of  would change to the second slot from the 2nd slot group onwards to follow the new CSS MO (of green beam). As a result, USS1 MO is dropped, and USS2 MO will be monitored by the UE. With this procedure, UE and gNB would have the same understanding on which MO(s) are received or dropped. 

 
    
Fig.3 Determination of location of Ys
Conclusion
In this paper, we have discussed the location determination of Ys within Xs for the multi-slot PDCCH monitoring capability. The following proposals are proposed:
Proposal 1: For Group(1) SS configuration, the periodicity can only be integer number of Xs. 
Proposal 2: In case that new MO of Group(1) SS is configured, the location of Ys within Xs can be adapted accordingly. 
Proposal 3: Location of Ys should first include all CSS MOs (of Group(1) SS) that are monitored by UE, then USS MOs can be further included in Ys from USS with lower to higher indices. Certain USS MO would be dropped if it cannot be included in Ys. 
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