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1 Introduction
In this contribution, we discuss the following remaining issues on CORESET and search space.
Search space monitoring periodicity configuration with bitmap
CCE limit Case 2
PDCCH/SSB collision
Nested search space
PDCCH Overbooking
Remove additional CORESET configuration from RMSI
CORESET Adaptation
PDCCH Monitoring for DCI Format 2_1
Partial Overlap of Search Space Sets
Reconfiguration of COERSET 0
DCI 0_0/1_0 Monitoring for C-RNTI and CS-RNTI
2 Search Space Monitoring Periodicity Configuration with Bitmap
To support different types of services and control signaling, network needs to configure multiple CORESETs and search space sets. The current specification provides a periodicity and an offset in the periodicity for configuring a search space set in the CORESET. If multiple search space sets are configured, peak numbers of configured BDs and CCE in a slot can be much higher than the average over the time. If network follows the BD and CCE limits in all slots, peak numbers of BD and CCE usages are capped by the limits and the average numbers could be much lower than the limits. This can result in a very low usage of the BE and CCE budgets. 
To alleviate the problem, the network can use RRC signaling to provide more flexibility of search space set configuration in time domain.
Currently configuration for a search space  in CORESET  includes: 
· PDCCH monitoring periodicity of slots, 
· PDCCH monitoring offset of  slots,   , and 
· PDCCH monitoring pattern, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring. 
PDCCH monitoring occasion exists in a slot with slot number  in a frame with frame number  if . 
The Figure below shows an example of search space configuration by current specification with a PDCCH monitoring periodicity of 4 slots and an offset in periodicity .


Figure 1 SS configuration in current specification.
Our proposal is to replace the offset  with an offset bitmap  of  bits. If bit  in the bitmap is 1, UE monitors PDCCH in a slot with slot number  in a frame with frame number  if . If bit  in the bitmap is 0, UE does not monitor PDCCH in a slot with slot number  in a frame with frame number  if . Note that in this case, number of bits in the bitmap is equal to the monitoring periodicity. Thus, the monitoring periodicity becomes redundant. 
Figure below shows an example of search space configuration with the bitmap with a periodicity of 4 slots and an offset bitmap .


Figure 2 SS configuration with an offset bitmap.
[bookmark: bitmap_offset]Proposal 1: Use a bitmap to configure the PDCCH search space monitoring offset within the periodicity. Number of bits in the bitmap is equal to the monitoring periodicity. Each bit in the bitmap corresponds to a slot in the PDCCH monitoring periodicity and indicates whether UE monitors PDCCH in the slot.
3 CCE Limit for Case 2
In the RAN1 92b meeting, the following agreement was made for CCE limit for Case 2. Because companies wanted to have a larger CCE limit for Case 2 URLLC, the current agreement was made only to cover the December 2017 version of Rel.15. In our option, URLLC and eMBB Case 2 CCE limit should be separately discussed. Currently the NR specification does not distinguish URLLC from eMBB when Case 2 is configured and it is unknown when this can be decided. In order to complete the NR specification as much as possible, we propose to extend the agreement below to June 2018 version of Rel. 15 for Case 2. In the meanwhile, it is not precluded that CCE limit can be different for URLLC once the NR specification can distinguish URLLC from eMBB for Case 2.
Agreements:
· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}
[bookmark: cce_case2]Proposal 2: For Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
4 PDCCH Overbooking
The main purpose of PDCCH overbooking is to meet CCE limit given that the number of CCEs is nearly random in a slot. The randomness of CCE number makes the optimization of PDCCH scheduling very hard especially when the number of search space sets is large. Compared to CCE, the number of BDs is more deterministic and therefore BD overbooking is not very necessary. PDCCH overbooking is one way to alleviate the problem by dropping PDCCH candidates until the CCE limit is met. However, overbooking is not an efficient approach because it does not directly address the root cause of the problem by reducing the randomness of CCE consumption in slots. In comparison the nested search space is much more efficient because it makes the number of CCEs more deterministic and consistent. Then, network can better optimize the PDCCH scheduling by adjusting the periodicity and offset configuration of search space sets. 
Overbooking handling imposes a huge computational overhead to UE due to the mapping of each PDCCH candidate to CCEs and counting the BD and CCE consumption in a sequential manner. This sequential operation cannot be realized by parallel processing and therefore becomes the bottleneck of PDCCH decoding in the UE Modem hardware. Besides, memory usage for storing the overbooking result is significant. For example, in a BWP with SCS=120kHz, PDCCH configuration pattern of 20ms and 4 bits to indicate a maximum number of 10 mapped SS sets, the required memory usage is 4*8*20=640 bits. To store the overbooking result for up to 4 BWP per cell, the memory usage can be 2560 bits per cell. To avoid the excessive computational overhead and memory usage, we would like to make overbooking as simple as possible if overbooking cannot be totally avoided. 
In the RAN1 92b meeting, a working assumption was made for PDCCH overbooking for Case 1-1 and Case 1-2 for single carrier transmission. For Case 2 single carrier transmission, we propose that if overbooking is supported, Case 2 overbooking is same as Case 1-1 and Case 1-2 so that no further hardware complexity is needed for overbooking handling.
[bookmark: _Hlk513656487]Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 
[bookmark: overbooking_case2]Proposal 3: If overbooking is supported for Case 2 single carrier, overbooking handling is same as Case 1-1 and Case 1-2.
4.1	Overbooking for CA with single numerology
In the RAN1 92b meeting, there were the following agreements
Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
The agreements only specify the maximum allowed total number of BD and CCE consumption of all CCs in CA. The agreements do not prohibit a PDCCH configuration that number of BDs or CCEs allocated to a CC exceeds its corresponding single carrier limit as long as the total number of BDs and CCEs do not exceed the CA limit. This implicitly requires the UE’s per CC processing power for PDCCH decoding in CA is higher than that of the single carrier case. In CA, computational complexity of the UE is already higher than the single carrier case when the number of CCs increases. We certainly prefer not to make UE computational complexity further higher by allowing UE to process more BDs and CCEs on any CC than the corresponding single carrier limit. Therefore, we have the following proposal.
[bookmark: ca_percc_limit]Proposal 4: In CA, number of BD or CCE consumption for PDCCH candidates mapped for each scheduled CC does not exceed the single carrier limit.
In CA, PDCCHs are allocated to PCell and PSCell for the transmission of various types of information in a similar way to single carrier transmission. While PDCCHs are allocated to SCells mainly to improve the UE throughput. Therefore, pattern of PDCCHs for SCells is expected to be much less random than that of the PCell and PSCell as well as the single cell transmission. The corresponding number of configured BDs and CCEs is expected to be flat over slots. In this case network should be able to handle the PDCCH scheduling without overbooking in SCells. The benefit is that UE computational complexity and memory usage can be significantly reduced with a small manageable loss of PDCCH scheduling efficiency.
[bookmark: overbooking_ca]Proposal 5: If PDCCH overbooking is supported for CA, overbooking is only allowed for the PCell and PScell. There is no PDCCH overbooking for SCells.
4.2	Overbooking for CA with mixed numerology
So far, PDCCH BD and CCE limits and the potential overbooking handling strategy are discussed only for CA with a single numerology. Similar discussions are needed for CA with mixed numerology. A typical application scenario of mixed numerology CA is that two CCs are configured to a UE with one CC operating in FR1 and the other CC operating in FR2. 
For CA with mixed numerology, the main problem in defining a per slot BD or CCE limit is the lack of a “common slot” across CCs. For example, in the figure below, there are three CCs with different numerologies and different slot durations. Clearly there is not a common slot based on which a per slot limit can be defined. In our opinion, the best way to get rid of the common slot is to convert the BD/CCE limit of the mixed numerology CA into the individual per CC limit. Then, define a reasonable maximum number of BD or CCE consumption such that as long as the per CC limit is not exceeded for any CC the CA limit is not exceeded. With this approach, overbooking can be handled separately for each CC.
[image: ]
First, define the number of configurated CCs , UE capability for PDCCH  and the single carrier BD limit  and the single carrier CCE limit  for CC index .  is defined as the per CC BD limit and  as the per CC CCE limit in mixed numerology CA. The per CC limit is the maximum allowed number of BDs or CCEs of the PDCCH candidates associated with a CC. 
For  or , it is reasonable to make the per scheduled CC limit equal to the single carrier limit, i.e.,  and  for CC index . This is because similar to the single numerology CA, the mixed numerology CA limit should increase in the full amount of the single carrier limit when  is smaller than or equal to the UE capability. When , the UE capability is supposed to set the maximum total number of BD or CCE consumption at a number smaller than the summation of single carrier limits of all CCs. Therefore, when per CC limit is defined for the  case, it should be defined smaller than the corresponding single carrier limit for each CC. We propose to define the per CC BD and CCE limit by the following formulas


This definition equally scales the single carrier limit for each CC according to the number of CCs and the UE capability. Based on this definition of per CC limit, we define the limit for mixed numerology CA as the summation of the per CC limit normalized by the corresponding single carrier limit. Then depending on the value of , the mixed numerology CA limit is given by 
· If  or , BD and CCE limits are 


· If , BD and CCE limits are 


This definition takes into account the fact that each numerology corresponds to a different absolute number of BD or CCE limit. After being normalized by the single carrier limit, the CA limit indicates that the summation of the percentage that a CC is mapped with respect to the single carrier limit is a fixed number. It should be noted that for , the CA limit is not exceeded as long as per CC limit is not exceeded for each CC.
[bookmark: overbooking_ca_mixedmu]Proposal 6: For CA with mixed numerology, 
· When the number of CCs is not larger than the UE capability, the number of BD or CCE associated with PDCCH candidates for each scheduled CC does not exceed the corresponding single carrier limit. 
· When the number of CCs is larger than the UE capability, the number of BD or CCE associated with PDCCH candidates for each scheduled CC does not exceed the per CC limit which is defined as the corresponding single carrier limit times the UE capability and divided by the number of CCs. Summation of the per CC limit normalized by the corresponding single carrier limit of all CCs does not exceed the UE capability.
·  If PDCCH overbooking is supported for CA, overbooking is only allowed for the PCell and PScell. There is no PDCCH overbooking for SCells.
5 PDCCH/SSB Collision
Regarding PDCCH and SSB collision, two related agreements were made in RAN1 92 meeting in the RMSI session and in the control channel session respectively. 
· In the RMSI session, the following TP was agreed. 
· When a UE follows the procedure in Subclause 13 to monitor Type0-PDCCH common search space, a UE may assume that no SS/PBCH block is transmitted in REs used for the reception of the Type0-PDCCH.
· In the control channel session, the following was agreed. 
· Agreements: 
If a PDCCH decoding candidate having a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate.
Companies seem to have different understandings about the two agreements and two options are widely discussed
1. UE always follows the RMSI session agreement and assumes no SSB is transmitted in REs used for the reception of Type0-PDCCH configured by PBCH. The PDCCH session agreement does not apply to Type0-PDCCH configured by PBCH. 
2. After PBCH configured RMSI is received, UE always follows the control session agreement and RMSI session agreement is applied only before PBCH configured RMSI is received. 
First, we think the discussion here is not limited to Type0 PDCCH configured by PBCH but also applies to Type0A/1/2 PDCCHs that are configured by an RMSI configured by PBCH. They should be handled in the same way because all these PDCCHs are configured under the same UE status. 
Suppose that a UE has decoded an RMSI configured by PBCH and read system information during initial access in the initial DL BWP. After the initial access, the UE may choose to decode this PBCH again to update the system information. In this scenario, option 1 is more reasonable because UE’s expectation on SSB and Type0/0A/1/2 PDCCH collision and therefore the handling does not change before and after the initial access. In comparison, for option 2, the UE’s behavior is allowed to change. This inconsistent UE behavior should be avoided because neither UE nor network benefits from the additional complexity from the it. 
In addition, Type 0/0A/1/2 PDCCHs that are associated with cell-defining PBCH are as important as SSB if not more important. The network should avoid Type 0/0A/1/2 PDCCHs being collided by SSB. Based on this we think UE should always assume no SSB is transmitted in REs used for the reception of Type0 PDCCH candidates associated with the cell-defining PBCH. For the other PDCCHs, if the decoding candidate has a CCE overlapped with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate. Note that UE behavior is consistent in handling this case.
Currently Type 0/0A/1/2 PDCCHs can be configured by PBCH and its associated RMSI or by common PDCCH configuration in the RRC reconfiguration message. Type 0/0A/1/2 PDCCHs may be configured by RRC reconfiguration message in handover (HO) or BWP switch. For HO, a common understanding is that PDCCHs configured by RRC reconfiguration signaling should be identical to what a UE can obtain from the cell-defining PBCH of the target cell. For BWP switch, if the new BWP fully overlaps with the initial DL BWP, there could be ambiguity for Type 0A/1/2 search space configuration if
· They are associated with the same set of non-zero search set IDs as those configured by the PBCH configured RMSI.
· They are associated with the same CORESET ID as that configured by the PBCH configured RMSI. 

UE may not know whether the RRC reconfiguration message has updated the configuration for Type 0A/1/2 search spaces associated with the cell-defining PBCH or has assigned the set of IDs used by Type 0A/1/2 search spaces to some new search space sets that are not associated with the cell-defining PBCH. In other words, UE is not able to tell whether the Type 0A/1/2 search space sets are still associated with the cell-defining PBCH or not. In order to avoid this ambiguity, we extend the RMSI session SSB/PDCCH collision handling to all Type 0A/1/2 search spaces. Note that UE should not have such ambiguity for PBCH configured Type0 search space because it is always associated with ID 0. However, to unify the design for common PDCCHs, we propose to handle Type 0 in the same way as Type 0A/1/2.
[bookmark: pbch_ssb]Proposal 7: UE assumes no SSB is transmitted in REs used for the reception of Type0/0A/1/2 PDCCH candidates that are configured by PBCH and its associated RMSI or configured by the common PDCCH configuration in the RRC reconfiguration message. For UE-specific configurated PDCCHs including Type3 PDCCHs and PDCCHs in UE-specific search space sets, if the PDCCH decoding candidate has a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate.
6 Nested Search Space
LTE EPDCCH-like hashing function was adopted in NR.
Then, given BD (X) and CCE (Y) limits, when gNB configures the search space, it has to assume the worst case if overbooking is not allowed, i.e., the decoding candidates are not overlapping. For example, if for aggregation level ,  blind decodings are configured, then the worst-case scenario is 


Typically, this means if the gNB wants to take advantage of full X decoding capability, the decoding candidate aggregation level profile will be heavily biased towards low aggregation levels, which only works for high geometry UEs. 
On the other hand, due to random hashing, in many cases, the decoding candidates will (partially) overlap on CCEs, especially when the coreset bandwidth is not too wide, i.e., there are relatively small number of CCEs in the coreset. In this case, using the worst-case assumption (non-overlapping CCEs) for aggregation level profile decision will be too conservative. In [1], one solution was proposed but this solution has drawbacks in terms of complexity and in fact managing the number of CCEs is not easy to control. Based on discussion during RAN1 NR AH1801, most companies were willing to adopt nested search space. We also view that the best approach for search space design under current CCE limit are adopting nested search space. With nested search space, we can cleanly define the number of consumed CCEs at least per nested structure. Therefore, it is proposed to adopt a nested search space structure. Given that a search space is associated only with on CORESET, the nested search space shall be contained within a CORESET.
We need to consider a couple of things for nested search space structure. One issue is how to build a nested structure for CSS and UESS. For CSS, since it is shared among multiple UEs (either cell-level or group-level), it needs to have its own nested structure. In case there are multiple CSSs associated with the CORESET, each CSS should have its own nested structure. This is because each CSS may not be targeted for the same group of UEs. For UESS, we can consider a combined nested structure across multiple UESS associated with a CORESET for a given UE. In this way, UESS can consume less number of CCEs.
[bookmark: nested_p1]Proposal 8. NR PDCCH adopts a nested structure.
· Nested search space is defined within a CORESET.
· Each CSS associated with the CORESET has its own nested structure.
· UESS(s) associated with the CORESET have a combined nested structure.
We propose constructing the nested structure from aggregation level AL8. Then, the nested structure can be constructed as follows:
· [bookmark: nested_bullets]Nested from AL8
· Hash the AL8 candidates using agreed hashing function
· If higher or lower AL has a larger footprint in CCE, pseudo AL candidate(s) are added.
· If AL 16 is configured, AL 16 candidates are randomly selected over the footprint of the AL8 candidates (including pseudo candidate(s))
· The same hashing function can still be applied.
· Stitch all the CCEs selected from the AL8 candidates and renumber them for the purpose of hashing and apply the agreed hashing function
· Lower AL candidates are randomly selected under the footprint of the AL8 candidates (including pseudo candidate(s))
· The same hashing function can still be applied.
· Stitch all the CCEs selected from the AL8 candidates and renumber them for the purpose of hashing and apply the agreed hashing function
[bookmark: nested_p2]Proposal 9. NR PDCCH nested search space is constructed as described.
7 Remove Additional CORESET Configuration from RMSI
Currently both MIB and RMSI contain common PDCCH configuration for CORESET0. In the initial DL BWP, because CORESET0 must be included in MIB, the CORESET0 configuration in the PBCH configured RMSI is redundant. In the other BWPs, network can configure CORESET0 to the UE through the RRC reconfiguration message. Based on this, we think the CORESET0 configuration can be removed from RMSI. Similarly, it is not necessary to configure RACH in another CORESET in the initial DL BWP or in the other BWPs. Therefore, we propose to remove CORESET configurations from RMSI. The benefit is that size of RMSI can be reduced which is especially meaningful when UE is in the initial BWP.
[bookmark: rmv_coreset]Proposal 10: Remove CORESET configurations from RMSI. RMSI can contain search space set configurations.
8 CORESET Adaptation
COREST adaptation refers to the scenario that an RMSI CORESET in the initial DL BWP collides with a UE-specific configured CORESET with relatively larger bandwidth in the other BWP. When CORESET adaption occurs, a search space set from RMSI CORESET may collide with a search space set from the other CORESET. In this case, network may choose to do nothing to prevent PDCCHs from the two CORESETs from blocking each other. Then, PDCCH collision may occur and UE may end up detecting nothing from either CORESET. 
In our opinion, network should at least avoid the collision between the Type0 search space set from the RMSI CORESET and any search space set from the larger bandwidth CORESET. This is because Type0 search space set either carries all the control information or configures the other search space types in the initial DL BWP. In particular, network can reduce the bandwidth size of UE-specific RRC configured CORESET for the colliding search space set occasion to exclude CCEs of Type0 search spaces of the RMSI CORESET.
Compared to Type0 search space, Type0A/1/2 search spaces are less critical and their handling can be relaxed. Network reduces the size of UE-specific RRC configured CORESET only when monitoring periodicity of the common Type0A/1/2 search spaces is larger than a threshold (e.g. 4 slots), otherwise network does nothing and allow the search spaces to collide.


[bookmark: coreset_adapt1]Proposal 11: For CORESET adaption, when a common search space from initial DL BWP collides with a UE-specific RRC configured search space from another BWP
· Network reduces the bandwidth size of UE-specific RRC configured CORESET for the colliding search space set occasion to exclude CCEs of Type0 search spaces of the RMSI CORESET.
· Network reduces the size of UE-specific RRC configured CORESET only when monitoring periodicity of the common Type0A/1/2 search spaces is larger than a threshold (e.g. 4 slots), otherwise network does nothing and allow the search spaces to collide.
CORESET adaptation allows two BWPs to be deployed in a nested structure which could be convenient for UEs with different bandwidth capability to simultaneously access the network or the same UE to quickly switch between BWPs of different sizes. However, the nesting does increase the probability of collision between the CORESET in initial BWP and the CORESET from the other BWP. Therefore, network should configure at most one adaptive CORESET.
[bookmark: coreset_adapt2]Proposal 12: If network configures CORESET adaption, it should configure CORESET adaption between the RMSI CORESET and at most one UE-specific RRC configured CORESET.
9 PDCCH Monitoring for DCI Format 2_1 
It was agreed in the RAN1 92 meeting that UE only monitors DCI format 2_0 in the first of two PDCCH candidates of the configured aggregation level. The benefit is that SFI can be decoded as quickly as possible. There is a similar need for the prompt decoding of DCI 2_1 for the INT-RNTI. Therefore, we propose to monitor INT-RNTI in the similar way to that for SFI-RNTI. 
RAN1 92 agreements for DCI format 2_1:
Agreements:
· For the CSS which a DCI format 2_0 is configured to be monitored on, the UE will only monitor the first one or two (from SFI configuration) PDCCH candidates of the configured aggregation level for DCI format 2_0
Agreements:
· If a configured DCI format 2_0 is not received, PDCCH monitoring is performed till the next configured DCI format 2_0 monitoring occasion
[bookmark: dci_21][bookmark: _Hlk510808515]Proposal 13: For the CSS which a DCI format 2_1 is configured to be monitored on, the UE will only monitor the first one or two PDCCH candidates of the configured aggregation level for DCI format 2_1. If a configured DCI format 2_1 is not received, PDCCH monitoring is performed till the next configured DCI format 2_1 monitoring occasion.
10 Partial Overlap of Search Space Sets
PDCCH search space configuration allows partial overlap between different search space sets within the CORESET and partial overlap between occasions within the search space sets. In our option, this flexibility of search space set configuration is useless and could be even harmful in some sense. According to the second sub-bullet of the agreements below, whenever partial overlap occurs CCEs are counted separately. This is a waste of the CCE budget that should be avoided given that the CCE budget is already very limited. In addition, PDCCH candidates from different search space occasions may partially overlap and BD cannot be reused even if the partially overlapped decoding candidates have the same size and the same aggregation level. In order to achieve a good efficiency of PDCCH scheduling, partial overlap of search space set occasions within the CORESET should not be allowed by the network. In the meanwhile, partial overlap of search space occasions essentially increases the total timeline and memory usage of UE for PDCCH processing because the partial overlap part needs to be processed separately. Our opinion is that if overlap among search space sets within a CORESET is needed, the search space sets should be fully overlapped to take advantage of CCE/BD reuse and reduce the hardware timeline.
Agreements:
· The number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates to be monitored, regardless of which REG-bundle size or precoder granularity.
· Overlapped CCEs associated with different CORESETs are counted separately.
· Overlapped CCEs associated with different PDCCH starting symbols with the same or different search space sets with the same CORESET are counted separately.
· Overlapped CCEs associated with same or different search space sets with the same PDCCH starting symbol associated with the same CORESET are counted one.
· Note: in the above, the overlapping CCEs for candidates for a given search space set with different starting symbols are assumed to be supported.
[bookmark: partial_overlap]Proposal 14: UE is not expected to monitor partially overlapped search space set occasions in the same CORESET.
11 Reconfiguration of CORESET 0
[bookmark: _Hlk513674993]It has been agreed that NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected mode at least for non-broadcast PDCCH. The details for achieving this goal are described next. Using beam failure recovery procedure, UE indicates gNB the new SSB. In case of no beam failure, gNB can indicate UE the new SSB via MAC-CE based on beam management, e.g., L1-RSRP report. Specifically, one of the 4 possible CORESET IDs in UE-specific PDCCH MAC CE can be reserved for CORESET 0, since at most 3 CORESETs can be configured per BWP. gNB can use the corresponding TCI state to signal the new SSB. In both cases with and without BFR, both gNB and UE will switch to the search space 0 of the indicated new SSB for unicast data.  
The above discussion can be summarized as below
[bookmark: refconfig_coreset0_1]Proposal 15: During beam failure recovery, UE indicates gNB the new SSB/CORESET0/SS0 for non-broadcast PDSCH.
[bookmark: refconfig_coreset0_2]Proposal 16: In absence of beam failure, gNB indicates UE the new SSB/CORESET0/SS0 for non-broadcast PDSCH by UE-specific PDCCH MAC CE with one CORESET ID reserved for CORESET 0.
Text Proposal:
--------------------------------------------------------- Beginning of change ---------------------------------------------------------

For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index  until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state. The UE shall assume that the CORESET ID 0 and search space ID 0 identified during initial access is now associated with the SS/PBCH block associated with the index , after completion of beam recovery.
------------------------------------------------------------- End of change ------------------------------------------------------------
12 [bookmark: _GoBack]DCI 0_0/1_0 Monitoring for C-RNTI and CS-RNTI
In the RAN1 92bis meeting, the following working assumption was discussed in the PDCCH search space offline session. This working assumption states that in certain condition C-RNTI and CS-RNTI are always monitored in a CSS. We think this issue is more related to 7.1.3.1.4 and it clearly has an impact to DCI size budget. Therefore, we propose that further discussion about the working assumption is sent to the 7.1.3.1.4 agenda in the RAN1 93 meeting. Then, companies can have more detailed discussion about the impact to DCI size budget and other issues.
Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.
[bookmark: crnti_csrnti][bookmark: dci00_10]Proposal 17: Discuss the working assumption for DCI format 0_0/1_0 with C-RNTI and CS-RNTI monitoring in the 7.1.3.1.4 session.
13 Conclusions 
In this contribution, we have discussed the remaining issues on CORESET and search space and have made the following proposals:
Proposal 1: Use a bitmap to configure the PDCCH search space monitoring offset within the periodicity. Number of bits in the bitmap is equal to the monitoring periodicity. Each bit in the bitmap corresponds to a slot in the PDCCH monitoring periodicity and indicates whether UE monitors PDCCH in the slot.
Proposal 2: For Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}.
Proposal 3: If overbooking is supported for Case 2 single carrier, overbooking handling is same as Case 1-1 and Case 1-2.
Proposal 4: In CA, number of BD or CCE consumption for PDCCH candidates mapped for each scheduled CC does not exceed the single carrier limit.
Proposal 5: If PDCCH overbooking is supported for CA, overbooking is only allowed for the PCell and PScell. There is no PDCCH overbooking for SCells.
Proposal 6: For CA with mixed numerology, 
· When the number of CCs is not larger than the UE capability, the number of BD or CCE associated with PDCCH candidates for each scheduled CC does not exceed the corresponding single carrier limit. 
· When the number of CCs is larger than the UE capability, the number of BD or CCE associated with PDCCH candidates for each scheduled CC does not exceed the per CC limit which is defined as the corresponding single carrier limit times the UE capability and divided by the number of CCs. Summation of the per CC limit normalized by the corresponding single carrier limit of all CCs does not exceed the UE capability.
·  If PDCCH overbooking is supported for CA, overbooking is only allowed for the PCell and PScell. There is no PDCCH overbooking for SCells.
Proposal 7: UE assumes no SSB is transmitted in REs used for the reception of Type0/0A/1/2 PDCCH candidates that are configured by PBCH and its associated RMSI or configured by the common PDCCH configuration in the RRC reconfiguration message. For UE-specific configurated PDCCHs including Type3 PDCCHs and PDCCHs in UE-specific search space sets, if the PDCCH decoding candidate has a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate.
Proposal 8. NR PDCCH adopts a nested structure.
· Nested search space is defined within a CORESET.
· Each CSS associated with the CORESET has its own nested structure.
· UESS(s) associated with the CORESET have a combined nested structure.
Proposal 9. NR PDCCH nested search space is constructed as described.
· Nested from AL8
· Hash the AL8 candidates using agreed hashing function
· If higher or lower AL has a larger footprint in CCE, pseudo AL candidate(s) are added.
· If AL 16 is configured, AL 16 candidates are randomly selected over the footprint of the AL8 candidates (including pseudo candidate(s))
· The same hashing function can still be applied.
· Stitch all the CCEs selected from the AL8 candidates and renumber them for the purpose of hashing and apply the agreed hashing function
· Lower AL candidates are randomly selected under the footprint of the AL8 candidates (including pseudo candidate(s))
· The same hashing function can still be applied.
· Stitch all the CCEs selected from the AL8 candidates and renumber them for the purpose of hashing and apply the agreed hashing function
Proposal 10: Remove CORESET configurations from RMSI. RMSI can contain search space set configurations.
Proposal 11: For CORESET adaption, when a common search space from initial DL BWP collides with a UE-specific RRC configured search space from another BWP
· Network reduces the bandwidth size of UE-specific RRC configured CORESET for the colliding search space set occasion to exclude CCEs of Type0 search spaces of the RMSI CORESET.
· Network reduces the size of UE-specific RRC configured CORESET only when monitoring periodicity of the common Type0A/1/2 search spaces is larger than a threshold (e.g. 4 slots), otherwise network does nothing and allow the search spaces to collide.
Proposal 12: If network configures CORESET adaption, it should configure CORESET adaption between the RMSI CORESET and at most one UE-specific RRC configured CORESET.
Proposal 13: For the CSS which a DCI format 2_1 is configured to be monitored on, the UE will only monitor the first one or two PDCCH candidates of the configured aggregation level for DCI format 2_1. If a configured DCI format 2_1 is not received, PDCCH monitoring is performed till the next configured DCI format 2_1 monitoring occasion.
Proposal 14: UE is not expected to monitor partially overlapped search space set occasions in the same CORESET.
Proposal 15: During beam failure recovery, UE indicates gNB the new SSB/CORESET0/SS0 for non-broadcast PDSCH.
Proposal 16: In absence of beam failure, gNB indicates UE the new SSB/CORESET0/SS0 for non-broadcast PDSCH by UE-specific PDCCH MAC CE with one CORESET ID reserved for CORESET 0.
Proposal 17: Discuss the working assumption for DCI format 0_0/1_0 with C-RNTI and CS-RNTI monitoring in the 7.1.3.1.4 session.
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