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1	Introduction
In this contribution we discuss on some of the aspects related to the broadcast channels, mainly focusing on the OSI and paging delivery. 
2	On search space for OSI and paging
2.1 Choice between default and non-default association
In [38.213v15.2.0] the choice between using default search space (i.e. Type0-PDCCH) or configured search space for OSI and paging is conditioned  is conditioned on the presence of corresponding search space IE (e.g. pagingSearchSpace for paging Type2-PDCCH search space). Correspondingly, the use default association or non-default association for OSI and paging is conditioned on the IE presence. 
Now, in RAN2#103, RAN2 agreed that in PDCCH-ConfigCommon, delivered in SIB1, the  IEs searchSpaceSIB1, searchSpaceOtherSystemInformation and pagingSearchSpace needs to be always present, and if not present, UE will not monitor the corresponding search space.  E.g. for pagingSearchSpace:
	pagingSearchSpace
ID of the Search space for paging. Corresponds to L1 parameter 'paging-SearchSpace' (see 38.213, section 10). If the field is absent, the UE does not receive paging in this BWP(see 38.213, section 10).



Thus, based on RAN2 decisions the condition whether or not to apply default or configured search space for paging and OSI needs to be updated.
Observation The 38.213 need to be updated to account the change in RAN2.
Now, coincidentally, the reference to default and non-default association, were removed from the latest version of 38.213 (in the course of implementing the default search space agreement made in RAN1#94), and these would need to be re-introduced in any case to align with RAN2 specification. The difference between the default and non-default, as captured also in 38.304, was that in case of non-default mapping, UE accounts the association only over the actually transmitted SSBs, while in case of default association the mapping between desired SSB index and valid PDCCH monitoring occasion accounts all candidate SS/PBCH block occasions. 
[bookmark: _Hlk524968465]Following the RRC signalling and earlier agreements, UE can be informed which CORESET to use, i.e. controlResourceSetZero (CORESET ID=0) or commonControlResourceSet (CORESET ID≠0) by selecting (via SearchSpaceID) and configuring CORESET ID in the SearchSpace correspondingly. Also, by configuring commonSearchSpaceList additional search spaces (ID≠0) can be introduced. 
As the search space index is now always provided, it would appear that, the search space ID can be used as the condition whether UE is to apply default search space and association, or whether UE is to use different search space and non-default association. In principle there is no reason to do separation in terms of search space configuration, as the RAN2 spesification already links searchSpaceZero to Type0-PDCCH control resource set and common search space set and configuration in Section 13 of 38.213.
Hence, based on the earlier agreements on default/non-association and configurations, it would seem simplest if the default association would be applied for paging or OSI PDCCH monitoring when search space ID=0 is configured to be used in pagingSearchSpace or searchSpaceOtherSystemInformation, correspondingly. Following the same approach, when search space ID≠0, the non-default association for PDCCH monitoring of paging and OSI is applied
Proposal: When the search space ID configured by searchSpaceOtherSystemInformation is equal to 0, UE assumes that  default association is applied as defined Section 13 of 38.213. If the search space ID configured by searchSpaceOtherSystemInformation is not equal to 0, UE applies the non-default association. Similarly, when the search space ID configured by pagingSearchSpace is equal to 0, UE assumes that default association is applied as defined Section 13 of 38.213. If the search space ID configured by pagingSearchSpace is not equal to 0, UE applies the non-default association. 


[bookmark: _Hlk524701906]2.2 Determination of QCL mapping for non-default monitoring occasion for Type2-PDCCH
In RAN1#94 for the non-default association, it was noted (as informed to RAN2 in LS [1]) that in the case of the non-default association, the mapping of valid PDCCH monitoring and SSB index was missing. Thus, it should be agreed how the UE determines the valid PDCCH monitoring occasion(s) inside the PO to monitor, whether we assume one-to-many mapping between monitoring occasions and SSB index, or one-to-one mapping. RAN2 raised similar aspect also in context of OSI non-default association in [2]. Current RAN2 assumption in 38.304 assumes one-to-one mapping so that UE may assume that the Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.
Now as per agreements by RAN2, the PO consist ‘S’ valid PDCCH monitoring occasions, where S is determined by the number of actually transmitted SSBs. Simplest approach (for one-to-many) would be to assume that UE will monitor all the S locations in PO. This would basically allow network to freely define, per case basis, how to configure the PO sweep. However, if the S is large, or the valid PDCCH durations are spread in time, the amount of time UE is required to monitor, could be long and increase the UE power consumption. In other example for one-to-many mapping approach would be to use similar mapping as in case of default association, so that UE would monitor PDCCH monitoring occasions e.g. in two consecutive slots for a given SSB index. However, as the PO will consist at max one PDCCH monitoring occasion per actually transmitted SSB, and the UE has been assumed to monitor one PDCCH per slot, the increase in scheduling flexibility is not too significant. Thus, it would be most straightforward, without significant negative implications, it could be agreed that UE can assume the QCL relation mapping to be one-to-one. Hence it is proposed that for PDCCH monitoring in PO, UE can assume that the nth PDCCH monitoring occasion in ascending order in time, among the S valid PDCCH monitoring occasions, is QCL’d with nth  actually transmitted SSB. 
Proposal: For PDCCH monitoring in PO, UE can assume that the nth valid PDCCH monitoring occasion from the start of the PO in ascending order in time is QCL’d with nth  actually transmitted SSB.

2.3 Default and non-default association based PDCCH monitoring in SI-window
RAN2 has made some agreements on the SI window definition. I.e. depending on the order of entry of the SI message in the schedulingInfoList and configured si-WindowLength (={5,10,20,40,80,160,320,640,1280}slots). Furthermore RAN2 has sent an LS to RAN1 regarding OSI delivery [2].
Based on the RAN2 LS [2] it would seem that for non-default association case RAN2 is considering similar approach for PDCCH monitoring occasion definition as for paging, i.e. S valid PDCCH monitoring occasions, from the start of the SI window(?). However, this appears not be reflected in RAN2 specification thus it is not fully clear whether this is the intention. Furthermore in [2], RAN2 proposes to determine also that in case of non-default association, Kth PDCCH monitoring occasion in the SI-Window corresponds to Kth transmitted SSB, i.e. one-to-one mapping for monitoring occasions and actually transmitted SSBs, 
As discussed in Section 2.2, for paging there could be argued to be power consumption impact to the IDLE mode device (UE always monitors PDCCH based on DRX cycle), if the UE is required to monitor over whole PO, but it is not evident if the impact is as non-negligible for system information acquisition. Currently, UE is required to obtain the system information when entering the cell (cell-selection/reselection etc.), and then at least every 3hrs. Thus it would appear that SI acquisition is not as frequent as paging monitoring. In addition RAN2 specification states that if SI message is not received by the end of the SI-window, UE should attempt again in next SI-window occasion. Hence RAN2 specification seems to imply that UE should continue monitoring the PDCCH from the beginning of the window till the end of SI-window.  
Monitoring occasion definition for default
Now for default association, i.e. same PDCCH monitoring occasions as for RMSI, it would appear that the RAN2 assumption is that si-WindowLength is configured so that at least one, full, Type0-PDCCH monitoring occasion set/sweep can be fitted in the window. For default association, there would be one-to-many mapping from SSB index to PDCCH monitoring occasion, but in limited scale, i.e. in case of RMSI pattern 1 UE is required to monitor PDCCH over two consecutive slots. What is not completely clear that what is the expected UE behavior or assumption when there could be more than one valid PDCCH monitoring occasion within the si-WindowLength i.e. if the si-WindowLength is longer than 20ms (for pattern1) or SSB period (for pattern 2 and 3) so that there could be more than one default PDCCH monitoring sweep occasion, like illustrated in Figure 1.
Observation: It should be clarified what is the UE behavior if there is more than one default Type0-PDCCH monitoring pattern within SI-window.
If network would configure SI-window in a manner e.g. illustrated in Figure 1, it would seem beneficial for UE to monitor both occasions. Naturally if UE receives the intended SI-message correctly on the first attempt, there would not be a need to monitor for other occasions.  
Proposal: In case of default association, UE should monitor for SI scheduling in all PDCCH monitoring patterns within the SI-window.
[image: ]
Figure 1. Illustration of possible SI-window configuration in case of default association.
Monitoring occasion definition for non-default
In context of defining the PDCCH monitoring for non-default association, there can be two high level approaches as raised for paging; determine one-to-many mapping or one-to-one mapping. Hence for non-default association we can consider basically two different approaches. First, as described in Figure 2 (a) would be that UE monitors all the valid PDCCH monitoring occasions that fall inside si-WindowLength. This would correspond somewhat with the current text in RAN2 specification, while does comply with the intent provided in RAN2 LS. Other approach, as illustrated in Figure 2 (b), is to follow the baseline principle RAN2 took for monitoring of paging in case of non-default association and determine use S valid PDCCH monitoring occasions from the start of the SI-window. As discussed for paging [3], if we choose to define the “SI-occasion” in similar manner as for paging, i.e. PDCCH sweep is covered with S valid PDCCH occasions, where is S same as the number of actually transmitted SSBs, there probably is not much benefit of going beyond one-to-one mapping. However, if single “SI-occasion”, consisting the PDCCH sweep, length would be multiple of S e.g. , it could be considered to have for example one-to-k mapping, as illustrated in Figure 2 (c), with k=2. Then the second level question would be whether there is some predefined pattern for QCL source assumption determined for the UE i.e. is UE expected to monitor all S (or ) PDCCH occasions or k consecutive (). Option (a) illustrated in Figure 2 would provide the largest scheduling flexibility for the network, followed by option (c). Main difference between option (a) and option (c) would be that, option (c) would allow some method to limit the PDCCH occasions UE needs to monitor by defining pattern for QCL source assumption. 
 [image: ]
Figure 2. Illustration of  non-default monitoring occasion definition within SI-window

In addition, similarly as raised in context of default association, it should be determined what is the UE behavior, if the number of valid PDCCH monitoring occasions within si-WindowLength is larger than S (where S is the number of valid PDCCH monitoring occasions) as illustrated in Figure 3.  In short, if there is more than one full valid PDCCH monitoring occasion sweep within the si-WindowLength, shall UE monitor PDCCH from both, or only from one? In practice the question is also whether SI-message can be repeated within the SI-window or/and if the another monitoring sweep occasion could be used for scheduling flexibility.
Observation: If more than one valid PDCCH monitoring occasion can be fit within si-WindowLength, it could be used to provide repetition or scheduling flexibility. 
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Figure 3. Illustration of non-default monitoring occasion definition within SI-window

Considering the different approaches and trade-offs (flexibility, UE power consumption) it would appear to be preferable use similar approach as proposed for paging and determine S valid PDCCH monitoring occasions as the sweep, and define that UE can assume  that every nth valid PDCCH monitoring occasion from the start of  SI-window in ascending order in time is QCL’d with the nth  actually transmitted SSB.  And that in the case that multiple of S valid PDCCH monitoring occasions can be fit to SI-window (based on network configuration of si-WindowLength), UE assumes them all to be valid PDCCH monitoring occasions. 
Proposal: If multiple of S valid PDCCH monitoring occasions can be fit within si-WindowLength, UE assumes all to be valid. The UE can assume that every nth valid PDCCH monitoring occasion from the start of the SI-window in ascending order in time is QCL’d with nth actually transmitted SSB.
Draft LS in provided in [5].
2.4 Defining the valid Type2-PDCCH monitoring occasions for non-default association
In RAN1#94 it was discussed (as informed to RAN2 in LS [1]) that some consideration would be needed on the selection of valid PDCCH monitoring occasions in the case of the non-default association. For the non-default association in [6], in section 7.1 RAN2 states as follows:
	For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF. The PDCCH monitoring occasions for paging which are not overlapping with UL symbols are sequentially numbered from zero starting from the 1st PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the PDCCH monitoring occasion indicated by firstPDCCH-MonitoringOccasionOfPO (i.e. the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter). Otherwise, the (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the (i_s * S)th  PDCCH monitoring occasion for paging where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SystemInformationBlock1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.



Hence, based on RAN2 agreement the search space provided by configuration (given by paging-SearchSpace) is split among different POs (consecutively) so that each PO lasts for ‘S’ PDCCH monitoring occasions, where ‘S’ is defined by number of actually transmitted SSBs. As noted above RAN2 has also agreed that UL symbols are taken into account when determining the available PDCCH monitoring occasions i.e. only those are counted towards ‘S’ occasions. RAN2 has added also a parameter (firstPDCCH-MonitoringOccasionOfPO) that allows the start symbol of the PO to be determined. The UE can determine UL symbols from the configured TDD UL/DL pattern(s). The length of each TDD UL/DL pattern can be up to 10ms, with whole repetition of UL/DL pattern can be up to 20ms (2 patterns concatenated).  The selection of applied patterns needs to account different aspects like downlink – uplink traffic ratio. 
When considering the scenarios where NR deployment would need to co-exist TD-LTE deployments it might not be possible to ensure that there is sufficient number of DL only slots, to cover the full sweep for the paging. Considering flexible slots, it could be that these slots may not have enough space (i.e. DL symbols and flexible symbols) for both, the CORESET(s) and PDSCH(s). It is good also to note that currently, for paging and OSI, cross-slot scheduling with slot offset K0>1 is not mandatorily supported, thus PDSCH would need to allocated to same or the immediately next slot. 
In below we have considered a few typical scenarios where the NR UL/DL slot pattern is aligned with the TD-LTE configuration 1 and 2. Different special subframe configurations are also considered, namely 5 (3/9/1), 6 (9/3/1) and 7(10/2/2), where the number of DwPTS/GP/UpPTS symbols is given in parenthesis [36.211]. We have also considered two cases, where the NR and TD-LTE are frame aligned, and cases where they are offset to each other so that longer contiguous DL slot(s) can be obtained. In the illustrated scenarios it is assumed that SSB and broadcast numerology is the same i.e. both are using 15kHz or 30kHz. If SSB was assumed to have 15kHz numerology, while broadcast would assume 30kHz, the number of SSBs that could be sent in the DL slots/symbols would be limited, and hence fewer paging occasions would be needed, while more slots would be available. On the other hand, if SSBs would have 30kHz numerology, with 15kHz for the broadcast, the number of required paging occasions would increase, while fewer DL slots/symbols would be available. Furthermore, it is considered that one paging message is sent in a single slot. Of course, sending more than one paging scheduling (PDCCH) and PDSCH carrying paging message can be considered if it can be ensured that the number of UE to be paged (per Tracking area) can be kept low enough, and/or that the coverage is met with smaller PDSCH allocation. As this is also dependent on the supported CORESET BW (restricting the PDSCH allocation) in the given system bandwidth, thus it may not always possible to send multiple paging messages in the single slot.
The legends in the following figures are as follows:
· ‘Sx’ indicates slot where SSBs are sent, x={1,2} indicating the number of SSB that could be fit to given slot,
· ‘P’ and ‘P?’ identify valid PDCCH monitoring occasions based on RAN2 definition, with different colours highlighting different POs. (Only two has been considered in these examples with yellow and blue as the pattern is repetitive) and
· ‘P?’ indicates the slot where, both PDCCH and PDSCH might not fit to the same slot, (and it is not possible to cross-slot schedule with K0={0,1}).
· Two approaches are assumed for start of the PO, either the POs are always aligned with the start of the DL only slot period, or POs are consecutive in time (or both).
· Frame boundary shift is indicated if applicable.
The considered UL/DL slot pattern is given on top of the figure and then for each special sub-frame configuration the total number of DL symbols per slot is given.
In Figure 4, we illustrate the valid PDCCH monitoring occasion pattern when co-existence with TD-LTE configuration 1 done with frame aligned between NR and TD-LTE and NR is using 15kHz sub-carrier spacing. For special sub-frame configuration 5, the number of SSBs that can be sent is only 2, implying that valid PDCCH monitoring occasions (when the starting of the PO symbol is aligned always with the first DL-only slot that are consecutive) can be made to fall on DL only slots. In case of special sub-frame configuration 6 and 7, and assuming that the search space is located to the beginning of the slot, the some of the valid PDCCH monitoring occasions would fall to flexible slots. Now in these cases these slots could have either 9 or 10 DL symbols. In both cases PDSCH allocation could in minimum be 7 symbols (assuming CORESET duration of 3 symbols).  Assuming for example 10MHz system BW, this would allow up to 48PRB CORESET. Thus, it would seem possible to use these slots for delivering paging.
[image: ]
Figure 4. Illustration of valid PDCCH monitoring occasions with 15kHs scs, and TD-LTE uplink-downlink configuration 1 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame aligned
Correspondingly Figure 5 illustrates the valid PDCCH monitoring occasion pattern when co-existence with TD-LTE configuration 2 done with frame aligned manner and NR is using 15kHz sub-carrier spacing. In this case, for each special sub-frame configuration considered, the valid PDCCH monitoring occasions can be made to fall on DL only slots, if we configure the PO start to align with the start of first DL-only slot that are consecutive.
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Figure 5. Illustration of valid PDCCH monitoring occasions with 15kHz scs and TD-LTE uplink-downlink configuration 2 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame aligned.
Figures 6 and 7 show the valid PDCCH monitoring occasion pattern when co-existence with TD-LTE configuration 1 and 2 correspondingly, with 30kHz sub-carrier spacing. Now with 30kHz numerology, the maximum number of possible SSBs is increased, implying that more PDCCH monitoring occasions are needed.  For all the special sub-frame configurations with TD-LTE configuration 1, one PDCCH monitoring occasion in PO falls to a flexible slot, of either 6 or 4 symbols, even if the POs are aligned to start of the consecutive DL-slots. This would mean that PDCCH would need to be restricted to 2 symbols, and PDSCH allocation would need to be restricted either to 2 (Config 5) or 4 (Config 6&7) symbols. Assuming e.g. 10MHz system BW, giving max 24 PRB for the CORESET, it would appear to be rather challenging restriction. With TD-LTE configuration 2, by aligning the start of POs with DL slots, PDCCH monitoring occasions don’t fall to flexible slots.  
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Figure 6. Illustration of valid PDCCH monitoring occasions with 30kHz and TD-LTE uplink-downlink configuration 1 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame aligned.
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Figure 7. Illustration of valid PDCCH monitoring occasions with 30kHz and TD-LTE uplink-downlink configuration 2 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame aligned
Observation: With TD-LTE configuration 1 and special sub-frame configuration 6 or 7 with frame alignment assumed between TD-LTE and NR, PDCCH monitoring occasions can fall to flexible slots. With TD-LTE configuration 2, if PO are aligned with DL slots, PDCCH monitoring occasions fall to DL-only slots.
As indicated, other considered scenario was to assume an offset between frames of TD-LTE and NR. By applying an offset, there can be more consecutive DL slots, increasing the maximum number of SSB, thereby increasing the need for PDCCH monitoring occasions. Consequently, in all the considered special sub-frame configurations for both TD-LTE configurations with 15kHz, illustrated in Figure 8 and 9, the valid PDCCH monitoring occasions fall on flexible slots. Correspondingly, as illustrated in Figure 10 and 11, same applies for 30kHz sub-carrier case. This is evident as the total number of PDCCH monitoring occasions is larger than number of consecutive DL slots. As noted above, (conditioned on applied CORESET BW), it could be possible to deliver paging in some of the flexible slots.
Observation: When frame offset is applied between TD-LTE and NR, some valid PDCCH monitoring occasions can fall to flexible slots with both considered TD-LTE configurations and all sub-frame configurations.
Observation: When valid PDCCH monitoring occasion falls to flexible slot, available system bandwidth and number of symbols determine if it can be used for paging delivery.
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Figure 8. Illustration of valid PDCCH monitoring occasions with 15kHz and TD-LTE uplink-downlink configuration 1 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame offset

[image: ]
Figure 9. Illustration of valid PDCCH monitoring occasions with 15kHz and TD-LTE uplink-downlink configuration 2 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame offset
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Figure 10. Illustration of valid PDCCH monitoring occasions with 30kHz and TD-LTE uplink-downlink configuration 1 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame offset
[image: ]
Figure 11. Illustration of valid PDCCH monitoring occasions with 30kHz and TD-LTE uplink-downlink configuration 1 with special subframe configurations 5, 6 and 7 when NR and TD-LTE are frame offset

Based at least on the evaluated scenarios, it is evident that basing the selection of valid PDCCH occasion based on possible overlap with UL symbols, as proposed by RAN2, might not result reasonable monitoring occasions in the considered scenarios. Therefore, it is proposed that the selection of the valid PDCCH monitoring occasions is changed. As, especially in higher frequency bands, the use of bi-directional slots could be more prominent, it does not seem practical to restrict the monitoring occasions to DL-only slots. This could result either extensively long paging sweeps or long sequence of DL-only slots. Thus, it would seem best approach to consider the number of available DL symbols, covering both DL-only and flexible symbols, in the slot for determining the validity of possible PDCCH monitoring occasion. In addition, in case of default association (i.e. when Type0-PDCCH search space is used for paging) the PDCCH monitoring occasions can fall to flexible slots. 
Observation: Restricting paging to DL-only slots for non-default association, would result long paging sweeps (in time) or require long sequence of DL-only slots.
Proposal: Allow paging to occur on DL-only and flexible slots, and determine the validity of paging PDCCH monitoring occasions based on the number of DL and flexible symbols in the slot.
Secondary question is how to determine the minimum number for the total of DL and flexible symbols in the slot, i.e. how many symbols would be needed for paging PDCCH and PDSCH. The number of PDCCH symbols is obtained by the CORESET configuration, but currently there is no direct mechanism to determine the number of required PDSCH symbols. Ideally these could be provided by network in the broadcast, providing means to determine the number per deployment. However, this would imply RRC change as new parameter is needed. 
Observation: Best approach to provide the PDSCH allocation assumption for PDCCH monitoring occasion selection, would be to broadcast the number of possible DL symbols (DL and flexible), but this would require RRC changes.
Other alternative would be to define some rule to define the number of required symbols e.g. based on the CORESET configuration. This would also provide some flexibility based on the configuration used in the deployment, as the CORESET determines the available FD allocation for the PDSCH. Also, the CORESET duration can give some indication on the required minimum PDSCH TD allocation. Naturally this would not be optimal, as e.g. CORESET configuration can be extended also for PDCCH capacity purposes.
Observation: CORESET configuration could be used to determine the minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion.
Most restrictive option could be to fix in specification what would be the PDSCH allocation in all cases. E.g. defining that at least 7 symbols would need to be assumed for PDSCH TD allocation when selecting the PDCCH monitoring occasions. As noted this would be most restrictive approach. 
Observation: The minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion could be fixed in specification. 
As there are different options, with different merits and specification work needed (in RAN2), it would be probably best if RAN1 would provide options for RAN2 and allow RAN2 do the final decision which approach to use. 
Proposal: Inform RAN2 that in case of non-default association, selecting the paging PDCCH monitoring occasions purely based on the condition of overlapping with UL symbols, may result selecting such a PDCCH occasions in a slots where paging message (PDSCH) cannot be delivered. 
Proposal: Indicate to RAN2 that RAN1 has identified that it would be preferable to account the required symbols for delivering the paging message when selecting paging PDCCH monitoring occasions, so that if the available symbols for DL transmission (DL and flexible) in a given slot exceed the number of symbols required for delivering the paging (scheduling and message), the PDCCH monitoring occasion would be valid.
Proposal: Inform to RAN2 that RAN1 considered different mechanism to provide the number of symbols to be assumed for PDSCH delivering the paging time allocation to be used in PDCCH monitoring occasion selection, and that to avoid RRC changes RAN1 considers that fixed value could be used. Value of 7 symbols is proposed.

Draft LS in provided in [4].
2.5 Defining the valid Type0A-PDCCH monitoring occasions for non-default association
The main difference between paging and OSI configuration in this context is that the SI-window starts location is based on common si-WindowLength,  SI-message spesific si-Periodicity and the index of the SI-message (order of entry). There is not similar flexibility as for paging to adjust the start of each paging occasion in paging frame at symbol level.  In practice the starting slot is determined by the order of the SI-message in the list of the SI messages and the periodicy.
Observation: The starting location of a SI-message is set by the order of the SI message and applied periodicity
Thus the discussion presented in above section can be applied also on context of OSI, while the option to adjust the PDCCH monitoring pattern does not apply. It is also good to observe that currently for the OSI there is no mechanism present the PDCCH monitoring occasion selection from the search space by searchSpaceOtherSystemInformation. Therefore it is proposed that similar approach as proposed for paging is applied as well for OSI monitoring. 
Proposal: Indicate to RAN2 that there would need to be mechanism to select the PDCCH monitoring occasions especially in case of unpaired spectrum. Inform that RAN1 has identified that it would be preferable to account the required symbols for delivering the SI message when selecting paging PDCCH monitoring occasions, so that if the available symbols for DL transmission (DL and flexible) in a given slot exceed the number of symbols required for delivering the SI-message (scheduling and message), the PDCCH monitoring occasion would be valid.
Proposal: Inform to RAN2 that RAN1 considered different mechanism to provide the number of symbols to be assumed for PDSCH delivering the SI-message time allocation to be used in PDCCH monitoring occasion selection, and that to avoid RRC changes RAN1 considers that fixed value could be used. Value of 7 symbols is proposed.
Draft LS in provided in [5]. 

3	Conclusion
In this paper we discussed some aspect on the DL channels. We considered mostly issues related to OSI and paging delivery.
For the selection between default and non-default association we observe and propose as follows:-
Observation The 38.213 need to be updated to account the change in RAN2. 
Proposal: When the search space ID configured by searchSpaceOtherSystemInformation is equal to 0, UE assumes that  default association is applied as defined Section 13 of 38.213. If the search space ID configured by searchSpaceOtherSystemInformation is not equal to 0, UE applies the non-default association. Similarly, when the search space ID configured by pagingSearchSpace is equal to 0, UE assumes that  default association is applied as defined Section 13 of 38.213. If the search space ID configured by pagingSearchSpace is not equal to 0, UE applies the non-default association. 
 
On the defining the QCL mapping for PDCCH monitoring occasions for paging when non-default association is used we propose as follows:-
Proposal: For PDCCH monitoring in PO, UE can assume that the nth valid PDCCH monitoring occasion from the start of the PO in ascending order in time is QCL’d with nth  actually transmitted SSB.
For the OSI PDCCH monitoring occasions we consider the case of default association and non-default association, and observe and propose as follows:-
Observation: It should be clarified what is the UE behavior if there is more than one default Type0-PDCCH monitoring pattern within SI-window.
 Proposal: In case of default association, UE should monitor for SI scheduling in all PDCCH monitoring patterns within the SI-window.
 Observation: If more than one valid PDCCH monitoring occasion can be fit within si-WindowLength, it could be used to provide repetition or scheduling flexibility. 
 Proposal: If multiple of S valid PDCCH monitoring occasions can be fit within si-WindowLength, UE assumes all to be valid. The UE can assume that every nth valid PDCCH monitoring occasion from the start of the SI-window in ascending order in time is QCL’d with nth actually transmitted SSB.
This is included in draft LS [5].
On the selection of the valid PDCCH monitoring occasions for the non-default association we observe and propose followingly:
Observation: With TD-LTE configuration 1 and special sub-frame configuration 6 or 7 with frame alignment assumed between TD-LTE and NR, PDCCH monitoring occasions can fall to flexible slots. With TD-LTE configuration 2, if PO are aligned with DL slots, PDCCH monitoring occasions fall to DL-only slots.
 Observation: When frame offset is applied between TD-LTE and NR, some valid PDCCH monitoring occasions can fall to flexible slots with both considered TD-LTE configurations and all sub-frame configurations.
 Observation: When valid PDCCH monitoring occasion falls to flexible slot, available system bandwidth and number of symbols determine if it can be used for paging delivery.
 Observation: Restricting paging to DL-only slots for non-default association, would result long paging sweeps (in time) or require long sequence of DL-only slots.
[bookmark: _GoBack]Proposal: Allow paging to occur on DL-only and flexible slots, and determine the validity of paging PDCCH monitoring occasions based on the number of DL and flexible symbols in the slot.
 Observation: Best approach to provide the PDSCH allocation assumption for PDCCH monitoring occasion selection, would be to broadcast the number of possible DL symbols (DL and flexible), but this would require RRC changes.
 Observation: CORESET configuration could be used to determine the minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion.
 Observation: The minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion could be fixed in specification. 
 Proposal: Inform RAN2 that in case of non-default association, selecting the paging PDCCH monitoring occasions purely based on the condition of overlapping with UL symbols, may result selecting such a PDCCH occasions in a slots where paging message (PDSCH) cannot be delivered. 
Proposal: Indicate to RAN2 that RAN1 has identified that it would be preferable to account the required symbols for delivering the paging message when selecting paging PDCCH monitoring occasions, so that if the available symbols for DL transmission (DL and flexible) in a given slot exceed the number of symbols required for delivering the paging (scheduling and message), the PDCCH monitoring occasion would be valid.
Proposal: Inform to RAN2 that RAN1 considered different mechanism to provide the number of symbols to be assumed for PDSCH delivering the paging time allocation to be used in PDCCH monitoring occasion selection, and that to avoid RRC changes RAN1 considers that fixed value could be used. Value of 7 symbols is proposed.
 
Corresponding draft LS can be found in [4].
Following the discussion on paging PDCCH monitoring occasions, and accounting the SI-window configuration we propose similarly for OSI:-
Observation: The starting location of a SI-message is set by the order of the SI message and applied periodicity
Proposal: Indicate to RAN2 that there would need to be mechanism to select the PDCCH monitoring occasions especially in case of unpaired spectrum. Inform that RAN1 has identified that it would be preferable to account the required symbols for delivering the SI message when selecting paging PDCCH monitoring occasions, so that if the available symbols for DL transmission (DL and flexible) in a given slot exceed the number of symbols required for delivering the SI-message (scheduling and message), the PDCCH monitoring occasion would be valid.
Proposal: Inform to RAN2 that RAN1 considered different mechanism to provide the number of symbols to be assumed for PDSCH delivering the SI-message time allocation to be used in PDCCH monitoring occasion selection, and that to avoid RRC changes RAN1 considers that fixed value could be used. Value of 7 symbols is proposed.
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