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1. Introduction
This contribution discusses remaining aspects on SS/PBCH block, OSI and paging design.
2. [bookmark: _Hlk506291569]SS/PBCH block
RAN1 #94 made the following agreements and one open discussion is whether a UE is not expected to be configured with different subcarrier spacings of SS/PBCH blocks for cells in intra-band CA for FR1 if the network provides subcarrier spacing of SS/PBCH blocks.
	Agreements:
· At least for FR2, if the subcarrier spacing of SS/PBCH blocks is provided with the higher layer parameter subcarrierSpacing, a UE is not expected to be configured with different subcarrier spacings of SS/PBCH blocks for cells in intra-band carrier aggregation.
· [bookmark: _GoBack]Check further offline regarding FR1 (to revisit in RAN1#94b)
· To adopt the following TP to section 4.1 of 38.213:
From the above cases, if the subcarrier spacing of SS/PBCH blocks is not provided by the higher layer parameter subcarrierSpacing, the applicable ones for a cell depend on a respective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case applies for all SS/PBCH blocks on the cell.  If 30kHz SS/PBCH block subcarrier spacing is indicated by higher layer parameter subcarrierSpacing, Case B shall be applied for frequency bands with only 15kHz SS/PBCH block subcarrier spacing as specified in [8-1, TS 38.101-1], and the case specified for 30kHz SS/PBCH block subcarrier spacing in [8-1, TS 38.101-1] shall be applied for bands with 30 kHz SS/PBCH block subcarrier spacing or both 15kHz and 30 kHz SS/PBCH block subcarrier spacing as specified in [8-1, TS 38.101-1]. 



For FR1 intra-band CA, NW might configure UE with measurement object on each of the CCs. In order not to make UE complexity unnecessarily high, it is preferable to have UE perform SSB measurements based on the same SCS over multiple CCs to save UE power. This will also make simultaneous measurements easier to further save UE power consumption. Therefore, unless there is a strong use case to allow different SCSs of SSBs within a frequency band, we make the following proposal:
Proposal 1: RAN1 adopts the following TP in Section 4.1 of TS 38.213
------------------------------ Start of Section 4.1 of TS 38.213 -----------------------------------
<unchanged text omitted>
For a UE configured to operate with carrier aggregation over a set of cells in a frequency band of frequency range 2, if the UE is provided values of subcarrier spacings by higher layer parameter subcarrierSpacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the values to be same.  
<unchanged text omitted>
------------------------------ End of Section 4.1 of TS 38.213 -----------------------------------
3. OSI 
RAN2#103 sent the following LS to RAN1 on OSI acquisition agreements [1].
	1. Overall Description: 
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.
2. Actions:
RAN2 respectfully requests RAN1 to take the above agreements into account and provide feedback if any.



In this section, we would like to discuss potential impacts of these OSI acquisition agreements to RAN1 specifications.
3.1 PDCCH monitoring occasions


[bookmark: _Ref524948393]Figure 1: An example of OSI search space configuration
The association between actual transmitted SSB and the monitoring window of PDCCH containing the broadcast OSI DCI can be configured via the following parameters of the search space for OSI PDCCH (i.e., searchSpaceOtherSystemInformation) as illustrated in Figure 1.
· monitoringSymbolsWithinSlot
· The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH. The most significant (left) bit represents the first OFDM in a slot. The least significant (right) bit represents the last symbol. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot. 
· Duration 
· Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
· monitoringSlotPeriodicityAndOffset
· Slots for PDCCH Monitoring configured as periodicity and offset.
Furthermore, in case of non-default association, the first PDCCH monitoring occasion corresponds to the first actually transmitted SSB (ssb-PositionsInBurst in SIB1). For example, if the first actually transmitted SSB is SSB#10, the first PDCCH monitoring occasion corresponds to SSB#10 (not SSB#0). The related RAN1 agreements are provided below:
	Agreements (Jan. 2018)

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.



Another aspect is that how UE would know the first PDCCH monitoring occasion. There could be two approaches which might be discussed in RAN2.
· Alt. 1: It is in the first downlink slot in the configured SI window
· Alt. 2: The offset from the starting of SI window to the first PDCCH monitoring occasion is signalled to UE.
Note that last meeting RAN2 agreed to introduce a new RRC parameter to signal the offset from PO to the first paging PDCCH monitoring occasion.
3.2 SI message re-transmission
There might be two possible options for the combinations of PDCCH monitoring occasion (PMO) transmission/re-transmission and PMO beam-sweeping: 
· Option 1: First having PMOs corresponding to all actually transmitted SSBs, then PMOs for re-transmission


     

· Option 2: Consecutive PMOs for transmission and re-transmission for an actually transmitted SSB


To properly capture the agreed association between actual transmitted SSB and PMO, one of the above options needs be specified in the specification. Option 1 is preferred since it could provide time diversity for PDSCH combining as well as higher flexibility in combination of beam-sweeping and re-transmission. 
Proposal 2: For SI message re-transmission, NR supports PDCCH Monitoring Occasions (PMOs) corresponding to all actually transmitted SSBs first and then PMOs for re-transmission (Option 1).
· Send an LS to RAN2 for capturing the order of PMO re-transmission and beam-sweeping in TS 38.331.
Another aspect related to SI message re-transmission is PDSCH combining at UE. Section 5.1 of TS 38.214 [2] states that “A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].” However, for broadcast SI message transmission, there is no HARQ-ACK transmission from UE. Hence, some timing gap between one PDSCH to another PDSCH for the same SS/PBCH block should be specified in order to account for PDCCH/PDSCH processing latency. Based on our analysis, this timing gap should be at least 2 slots to simplify UE implementation. As the result, we propose the following TP:
Proposal 3: RAN1 adopts the following TP in Section 5.1 of TS 38.214
------------------------------ Start of Section 5.1 of TS 38.214 -----------------------------------
<unchanged text omitted>
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i. For any PDSCH corresponding to SI-RNTI and an actually transmitted SS/PBCH block, the UE does not expect the same transport block to be repeated until at least 2 slots after the last symbol of that PDSCH.
<unchanged text omitted>
------------------------------ End of Section 5.1 of TS 38.214 -----------------------------------
4. Paging 
RAN2 has sent two LS to RAN1 in [3] and [4], informing its opinions regarding paging monitoring occasions. RAN2 made the following agreement and mentioned it in one of its LS:
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.
3	Support to configure Ns and N value instead of nB.

In reply, RAN1 made the following agreement during the last meeting [5]:Agreements:
Regarding the issues related to RAN2 LS in R1-1808172:
· It is RAN1 understanding that the Paging Frame (PF) is a starting point for the first PO (defined by ‘S’ valid PDCCH monitoring occasions). In addition, the concatenated POs corresponding to one PF can overlap into the next radio frame(s) and/or next PF(s). Based on this understanding, RAN1 has the following questions:
· Is the first PDCCH monitoring occasion of the first PO of a PF starting from the starting location of the pagingSearchSpace in that frame?
· RAN1 would like to understand the motivation of introducing PF_offset? Is it intended to avoid overlapping such as to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission.
· Within the UE PO for the non-default association, RAN1 is considering the valid PDCCH monitoring occasion associated to which SSB index to limit the UE monitoring time. 
· RAN1 is also discussing if paging PDSCH resource allocation impacts the validity of paging PDCCH monitoring occasion. 
Draft LS in R1-1809959, which is approved (updating “RAN2 answers” to “RAN2 to answer”). Final LS in R1-1809965


Note that, RAN2 already agreed to allow network the flexibility to configure the 1st paging PDCCH monitoring occasion of each PO of a paging frame. This agreement and above RAN1 agreement suggest that RAN1 would discuss, at least, the following two things during the next meeting.
1. How different SSB indices get mapped to different paging PDCCH monitoring occasions within a PO, e.g. the offset between the paging PDCCH monitoring occasions corresponding to two adjacent SSBs.
2. Whether paging PDSCH resource allocation impacts the validity of paging PDCCH monitoring occasions.
We discuss these two things in our contribution.
4.1 Mapping from SSB Indices to Paging PDCCH Monitoring Occasions

NR allows network to configure paging search space to UE. Paging search space allows network to flexibly configure the periodicity, offset, duration and monitoring symbols within a slot. Hence, network can simply use these parameters, along with the explicitly configured location of the 1st paging PDCCH monitoring occasion of each PO.
Proposal 4: Network uses the explicitly configured location of the 1st paging PDCCH monitoring occasion of the PO, along with different parameters of configured paging search space, e.g., monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot, to define the non-default association between SSBs and paging PDCCH monitoring occasions.
· No additional RRC parameter needs to be introduced.
Figure 3 shows beam swept SSB and different parameters of paging search space configurations. Then the important question is, how does the exact mapping happen from SSB to paging PDCCH monitoring occasions?
[image: ]
Figure 3: Paging Search Space and Beam Swept SSB
Figure 4 provides the solution. One-to-one mapping happens between SSBs and paging PDCCH monitoring occasions. SSBs get consecutively mapped to different paging PDCCH monitoring occasions. If there are multiple paging PDCCH monitoring occasions within a slot, different SSBs get mapped to different paging PDCCH monitoring occasions within a slot. In figure 4, paging search space has defined two monitoring occasion within a slot. Hence, two different SSBs get mapped to these two different paging monitoring occasions within each slot.

[image: ]
Figure 4: Mapping between SSBs and Paging PDCCH Monitoring Occasions for Non-default Association

Proposal 5: 
Rel-15 supports the following for non-default association between SSBs and paging PDCCH monitoring occasions:
· Network ensures that the location of the 1st paging PDCCH monitoring occasion, if explicitly configured, matches with a valid PDCCH monitoring occasion defined by paging search space.
· Starting from the 1st paging PDCCH monitoring occasion, N valid consecutive PDCCH monitoring occasions are defined based on monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot parameters of paging search space IE; where N is the number of actually transmitted SSBs.
· SSB indices are consecutively mapped to the N valid paging PDCCH monitoring occasions 
· Each SSB index is mapped to only one valid paging PDCCH monitoring occasion within one PO.
· If there are multiple paging PDCCH monitoring occasions within a slot, different SSBs get mapped to different paging PDCCH monitoring occasions within the slot.


4.2 Impact of Paging PDSCH Resource Allocation on the Validity of Paging PDCCH Monitoring Occasions

During the last meeting, one company proposed to invalidate paging PDCCH monitoring occasion based on the available resources for paging PDSCH [6]. The proponents of this proposal argued that: 1) Supporting of DL scheduling slot offset (k0) greater than zero is mandatory with capability signalling. Hence, network needs to transmit paging PDCCH and PDSCH in the same slot. 2) If the gap between a paging PDCCH monitoring occasion and UL symbols within the slot is less than a threshold, then network will not have enough resource to transmit paging PDSCH.
The issues raised above can be tackled through several mechanisms. If network configures pure DL, UL or flexible slots in its cell specific configuration, then the above issue does not arise in the first place. Besides, network has full flexibility to configure the periodicity, offset, duration and monitoringSymbolWithinSlot to define the paging PDCCH monitoring occasions. Even if network has “mixed” slots (meaning the combinations of D/S and U within a slot), network can configure paging search space in such a way so that the paging PDCCH monitoring occasions don’t fall in those slots.
Besides, even in connected mode, network will have to support scheduling PDSCH to these UEs in the same slot. So far, RAN1 has not agreed to invalidate connected mode search space based on availability of PDSCH resource. Hence, it’s not clear why this special mechanism needs to be supported for paging in idle mode.
Observation 1:  Even if network has “mixed” slots (meaning the combinations of D/S and U within a slot), network can configure paging search space in such a way so that the paging PDCCH monitoring occasions don’t fall in the slots that don’t have enough resources for scheduling paging PDSCH.
Proposal 6: In Rel-15, availability of paging PDSCH resource does not impact the validity of paging PDCCH monitoring occasions.
5. Conclusion
This contribution has made the following observations and proposals:
Observation 1:  Even if network has “mixed” slots (meaning the combinations of D/S and U within a slot), network can configure paging search space in such a way so that the paging PDCCH monitoring occasions don’t fall in the slots that don’t have enough resources for scheduling paging PDSCH.

Proposal 1: RAN1 adopts the following TP in Section 4.1 of TS 38.213
------------------------------ Start of Section 4.1 of TS 38.213 -----------------------------------
<unchanged text omitted>
For a UE configured to operate with carrier aggregation over a set of cells in a frequency band of frequency range 2, if the UE is provided values of subcarrier spacings by higher layer parameter subcarrierSpacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the values to be same.  
<unchanged text omitted>
------------------------------ End of Section 4.1 of TS 38.213 -----------------------------------
Proposal 2: For SI message re-transmission, NR supports PDCCH Monitoring Occasions (PMOs) corresponding to all actually transmitted SSBs first and then PMOs for re-transmission (Option 1).
· Send an LS to RAN2 for capturing the order of PMO re-transmission and beam-sweeping in TS 38.331.
Proposal 3: RAN1 adopts the following TP in Section 5.1 of TS 38.214
------------------------------ Start of Section 5.1 of TS 38.214 -----------------------------------
<unchanged text omitted>
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i. For any PDSCH corresponding to SI-RNTI and an actually transmitted SS/PBCH block, the UE does not expect the same transport block to be repeated until at least 2 slots after the last symbol of that PDSCH.
<unchanged text omitted>
------------------------------ End of Section 5.1 of TS 38.214 -----------------------------------
Proposal 4: Network uses the explicitly configured location of the 1st paging PDCCH monitoring occasion of the PO, along with different parameters of configured paging search space, e.g., monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot, to define the non-default association between SSBs and paging PDCCH monitoring occasions.
· No additional RRC parameter needs to be introduced.
Proposal 5: Rel-15 supports the following for non-default association between SSBs and paging PDCCH monitoring occasions:
· Network ensures that the location of the 1st paging PDCCH monitoring occasion, if explicitly configured, matches with a valid PDCCH monitoring occasion defined by paging search space.
· Starting from the 1st paging PDCCH monitoring occasion, N valid consecutive PDCCH monitoring occasions are defined based on monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot parameters of paging search space IE; where N is the number of actually transmitted SSBs.
· SSB indices are consecutively mapped to the N valid paging PDCCH monitoring occasions 
· Each SSB index is mapped to only one valid paging PDCCH monitoring occasion within one PO.
· If there are multiple paging PDCCH monitoring occasions within a slot, different SSBs get mapped to different paging PDCCH monitoring occasions within the slot.
Proposal 6: In Rel-15, availability of paging PDSCH resource does not impact the validity of paging PDCCH monitoring occasions.
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