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1 Introduction

During the last meeting, remaining issues on DL signals and channels were discussed and most of them had been addressed. There are also some other remaining issues needed to be further clarified and determined, such as: 

· Definition of useful paging/OSI PDCCH monitoring occasion;

· Determination on search space configuration in case of non-default association basing on LS from RAN2;

· Clarification on frequency gap between SSB and CORESET0 in pattern 2.
In this contribution, we mainly focus on the above issues and give the corresponding text proposals. 

2 Remaining issue on OSI/paging in case of non-default association

2.1 Paging/OSI acquisition

According to the previous incoming LS[1] from RAN2, actual transmitted SSB based paging PDCCH monitoring occasions determination had been discussed. The related agreement attached in the LS is copied as follows. 

	0
Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.

1
For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.

2
For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.


During the last RAN2 meeting, the issue on OSI acquisition had also been discussed. A similar association scheme has been determined. The related LS[2] was sent to RAN1, which the main feature can be found as follows. 

	RAN2#103 has made the following agreements on the OSI acquisition. 

Agreements

1: 
38.331 should state "PDCCH containing the scheduling RNTI" instead of "DL-SCH" 

2
Same relationship between monitoring occasion and SSB is defined for SI as for paging.

3: 
NR supports re-transmission for SI message within an SI window (as in LTE)

UE monitors the PDCCH monitoring occasion(s) in SI-Window for receiving SI message. RAN2 assumes that in case of non-default association (i.e. when osi-searchSpace is configured), Kth PDCCH monitoring occasion in the SI-Window corresponds to Kth transmitted SSB. In case of default association (i.e. when osi-searchSpace is not configured), PDCCH monitoring occasions for SI message reception in SI-Window are same as PDCCH monitoring occasions for RMSI where the mapping between PDCCH monitoring occasions and SSBs is defined in section 10.3 of TS 38.213. RAN2 would also remind that UE can assume that the same SI message is repeated in all beams.

...


In case of non-default association(i.e. if search space other than SearchSpaceZero is configured for pagingSearchSpace or SearchSpaceOtherSystemInformation), the association between the useful PDCCH monitoring occasion for either OSI or paging reception and the actual transmitted SSB should be defined. 

Proposal 1: In case of non-default association, association between actual transmitted SSB and useful PDCCH monitoring occasion can be considered jointly for both paging and OSI acquisition. 
2.2 Definition of useful paging/OSI PDCCH monitoring occasion

According to the incoming LS[1][2] from RAN2, useful paging/OSI PDCCH monitoring occasions should be clarified firstly. 

In NR, various UL slots/symbols had been defined. For example, semi-static common UL resource configured by higher-layer parameter ‘tdd-UL-DL-ConfigCommon’ or ‘tdd-UL-DL-ConfigCommon2’, semi-static UE specific UL resource configured by higher-layer parameter ‘tdd-UL-DL-ConfigDedicated’, and dynamic UL resource configured by SFI. 

In the above description, some clarification should be further made, i.e. which type of UL slots/symbols the useful paging PDCCH monitoring occasion should avoid conflicting with? 

Obviously, paging PDCCH may be monitored by RRC_IDLE UE re-selected to a cell, UE only knows the semi-static common frame structure configuration of the cell. So the useful paging PDCCH monitoring occasions can only be determined by the configuration of semi-static common frame structure. 

Observation 1: The useful paging/ PDCCH monitoring occasions should be determined by the configuration of semi-static common frame structure. 

Proposal 2: Defining a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols configured by higher-layer parameter ‘tdd-UL-DL-ConfigCommon’ or ‘tdd-UL-DL-ConfigCommon2’.
Then according to the above proposal, the paging PDCCH monitoring occasion located into semi-static flexible resource should also be defined as ‘useful paging PDCCH monitoring occasion’. That is to say, other subsequent frame structure configuration should not conflict with PDCCH transmission within ‘useful paging PDCCH monitoring occasion’. And the UE does not transmit UL signal and channel in the slot if a transmission would overlap with useful paging PDCCH monitoring occasion. 

Based on the above analysis, we propose corresponding text proposal in section 2.4. 
2.3 Proposal on association between transmitted SSB and useful paging/OSI PDCCH monitoring occasion

In this section, we will further discuss several schemes in which association between transmitted SSBs and useful PDCCH monitoring occasions is applied. For the following schemes, the useful PDCCH monitoring occasions had already be defined. 
· Scheme1: In this scheme, one PO/SI window comprises of ‘N’ useful paging PDCCH monitoring occasions where ‘N’ is equal to number of actual transmitted SSBs. Then the i-th useful monitoring occasion in the PO/SI window is corresponded to the i-th transmitted SSB. The example for scheme 1 can be found in Figure1.
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Figure 1: Association between transmitted SSBs and useful PDCCH monitoring occasions in scheme 1

· Scheme2: In scheme 1, scheduling flexibility for paging/OSI delivery is limited due to one-to-one association relationship. In order to support scheduling flexibility for paging/OSI delivery as well as support re-transmission for SI message within an SI window, ‘useful PDCCH monitoring occasion groups’ are introduced in scheme 2 on top of scheme 1. More specifically, a group of useful PDCCH monitoring occasions consists of N useful PDCCH monitoring occasions, and it will be associated to one SSB. The time offset in unit of number of useful PDCCH monitoring occasions between two adjacent useful PDCCH monitoring occasion groups is denoted as M, for example, M=1 and M=2 as shown in (a) and (b) of Figure 2 respectively. The value of M and N can be configured by SIB1 or specified fixedly. For the the i-th transmitted SSB, it is associated with the i-th useful monitoring occasion group in one PO/SI window.
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Figure 2: Association between transmitted SSBs and useful PDCCH monitoring occasions in scheme 2
At the side of UEs, when one UE can successfully receive SIB1 associated with the i-th transmitted SSB, the UE will blindly detect paging/OSI PDCCH from ‘(i-1)×N’ to ‘(i-1)×N+M-1’ useful PDCCH monitoring occasions, and we call these useful PDCCH monitoring occasions as the i-th useful PDCCH monitoring occasion group.
In order to support re-transmission for SI message within an SI window as well as improve scheduling flexibility for paging/OSI delivery, scheme 2 is more appreciated. 
Proposal 3: NR should support one group of useful PDCCH monitoring occasions is associated to one SSB. The following parameters can be configured through SIB1 or specified in the specification. 

· N: Number of useful PDCCH monitoring occasion in one group;

· M: The time offset in unit of number of useful PDCCH monitoring occasions between two adjacent useful PDCCH monitoring occasion groups.

2.4 Proposed change for the issue 

Based on the above analysis, we propose the following text proposal to section 10.1 and 11.1 in TS 38.213[3]. 
-------------------------------------Text Proposal for Section 10.1 and 11.1 in TS38.213-------------------------------------

	38.213: 

10.1
UE procedure for determining physical downlink control channel assignment 

...

If a UE is not provided a control resource set for Type2-PDCCH common search space, the corresponding control resource set is same as the control resource set for Type0-PDCCH common search space. If a UE is not provided higher layer parameter pagingSearchSpace for Type2-PDCCH common search space set, the Type2-PDCCH common search space set is same as the Type0-PDCCH common search space set. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for Type2-PDCCH common search space are given in Table 10.1-1.
If a UE is provided higher layer parameter pagingSearchSpace other than SearchSpaceZero for Type2-PDCCH common search space set, a UE should monitors PDCCH in the Type2-PDCCH common search space configured by pagingSearchSpace. For i-th actually transmitted SS/PBCH block configured by ssb-PositionsInBurst, the UE detects paging PDCCH from ‘(i-1)×N’ to ‘(i-1)×N+M-1’ useful paging PDCCH monitoring occasion, wherein, ‘N’ represents number of useful paging PDCCH monitoring occasion associated with one SS/PBCH block; ‘M’ represents the time offset in unit of number of useful paging PDCCH monitoring occasions between two adjacent useful paging PDCCH monitoring occasion groups. 
If a UE is provided higher layer parameter SearchSpaceOtherSystemInformation other than SearchSpaceZero  for Type0A-PDCCH common search space set, a UE should monitors PDCCH in the Type0A-PDCCH common search space configured by SearchSpaceOtherSystemInformation. For i-th actually transmitted SS/PBCH block configured by ssb-PositionsInBurst, the UE detect OSI PDCCH from ‘(i-1)×N’ to ‘(i-1)×N+M-1’ useful OSI PDCCH monitoring occasion, wherein, ‘N’ represents number of useful OSI PDCCH monitoring occasion associated with one SS/PBCH block; ‘M’ represents the time offset in unit of number of useful OSI PDCCH monitoring occasions between two adjacent useful OSI PDCCH monitoring occasion groups. 
...

11.1
Slot configuration

...
For a set of symbols of a slot indicated to a UE as useful paging/OSI PDCCH monitoring occasion, the UE does not expect the set of symbols to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigDedicated or a SFI-index field value in a DCI format 2_0. And the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 

...




3 Clarification on frequency gap between SSB and CORESET0 in multiplexing pattern 2

According to incoming LS[4] from RAN4, SSB based measurement in multiplexing pattern 2 or 3 had been discussed, and the following conditions for measurement without measurement gaps was made. 

	UE shall be able to perform intra-frequency SSB based measurements without measurement gaps if

-
the SSB is completely contained in the downlink active BWP of the UE, or

-
the SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active and the SSB and the initial DL BWP is no more than 1RB apart.


For supporting SSB based measurement in multiplexing pattern 2 or 3 which SSB is located out of initial DL BWP, RAN4 has defined an “no more than 1RB apart” requirement. As shown in Figure 3, there will be at most “1RB and 11RE” apart between initial DL BWP and SSB in multiplexing pattern 2. The configuration of row index 8 in table 13-7 in [3] has been taken as an example. The frequency gap expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon, and the largest gap between initial DL BWP and SSB can be found in case of Kssb = 1. 
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Figure 3: An example of frequency gap between SSB and RMSI CORESET in multiplexing pattern 2

Based on the above analysis, we propose to clarify this issue, and reply LS to RAN4 may be needed to correct the description. 
Proposal 4: The follow correction on top of description in LS[4] from RAN4 is proposed: 
UE shall be able to perform intra-frequency SSB based measurements without measurement gaps if

-
the SSB is completely contained in the downlink active BWP of the UE, or

-
the SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active and the SSB and the initial DL BWP is no more than 12RB apart in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon, or

-
the SS/PBCH block and control resource set multiplexing pattern 3 is configured in PBCH and initial DL BWP is active and the SSB and the initial DL BWP is no more than 1RB apart in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon.
4 Conclusions

In this contribution, we mainly discussed the remaining issues on paging/OSI acquisition and text proposals are provided correspondingly. And furthermore, a clarification on frequency gap between SSB and CORESET0 in pattern 2 is discussed.
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