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1	Introduction
In this contribution, we discuss the remaining issues of PDCCH needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
[bookmark: _Ref178064866]2	Discussion
2.1	SSB and SS#0 association in connected_mode
In RAN1#92bis, the following agreement was made.
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes


It is 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 reason is that the monitoring occasions of SS#0 are determined by the corresponding SSB index [1]. If NW and UE have different understanding on the association of SSB and SS#0, it is not possible to schedule non-broadcast PDCCH in SS#0. It is FFS on the solutions how to ensure that NW and UE maintain the same understanding on SSB and SS#0 in connected_mode.

First, it is not clear how critical the problem is. The periodicity of SS#0 is the same as the periodicity of SSB that could be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. It is not possible to transmit data with a high rate in SS#0, due to this limited monitoring. Instead, we have to define another search space as soon as we would like to transmit. Due to similar reasons, it has been discussed in initial access to define a new default search space for random access due to the limitations of SS#0.

[bookmark: _Toc513790875]SS#0 has limited capability when used for non-broadcast PDCCH.

That said, SS#0 might be useful as a default/back-up search space to schedule unicast PDCCH before other search spaces are configured or during RRC reconfiguration of search spaces. In such cases, solutions might be needed so that NW and UE have the same understanding on the association of SSB and SS#0.

It is noted that a similar problem has been discussed in the context of beam management. In that agenda item, related topics under discussion include what default QCL assumption the UE should make between an RRC reconfiguration and subsequent MAC-CE activation of a TCI state. It is desirable that the UE uses the “best SSB” beam as the QCL assumption; however, if we leave it to UE implementation the NW may not be 100% sure that the UE has chosen the best SSB. It seems like different UEs can assume different things. So, one way that was discussed is to perform a synchronous RRC reconfiguration which involves a random access. 

It is further noted that through “normal” beam management measurements/reporting based on CSI-RS and/or SSB, since the network is in control of what beamforming is applied to the configured CSI-RSs and/or SSB, the gNB is able to learn when a UE starts to move into the coverage area of a new SSB. Take CSI-RS as an example: if the network transmits two different beamformed CSI-RSs within the coverage area of two different SSB beams (SSB1 and SSB2), and it gets a report that the CSI-RS in SSB2 is better than the CSI-RS in SSB1, then the gNB has a sense of the “best” SSB for the UE (SSB2 in this case), and can change the association of SSB and SS#0 accordingly via MAC-CE.

Therefore, we propose that  

[bookmark: _Toc513790880]Beam management measurements/reporting procedure based on CSI-RS and/or SSB is used for NW and UE to maintain the same understanding on SSB and SS#0 association for non-broadcast PDCCH.
· [bookmark: _Toc513790881]Note: Check with MIMO session on whether existing beam management measurements/reporting procedure based on CSI-RS/SSB suffices for this purpose.
2.2	TCI states in CORESET0
System Information Block 1 (SIB1) in NR is conveyed using PDCCH+PDSCH. The UE acquires the search space of this PDCCH from the MIB in standalone deployment. In section 10.1 in [1], it is stated that the search space configured for SIB1 reception has search space index 0, and the corresponding CORESET has index 0. Only very limited configuration possibilities are possible: 4 bits are used to describe the CORESET and 4 bits to describe the search space, as described in section 13 in [1]. Whenever the UE needs to read SIB1, the UE uses either the search space configured by pdcch-ConfigSIB1 in the MIB or the searchSpace-SIB1 in PDCCH-ConfigCommon. Here we note that in the search space provided in the MIB, no TCI states are included:
[bookmark: _Toc513790876]In the search space provided in the MIB, no TCI states are included.
However, there is an additional complication for search space #0: for pdcch-ConfigSIB1 the PDCCH monitoring occasions also depend on the best SSB, even if a TCI state corresponding to another RS has been activated. To use search space #0, the NW would have to know which SSB the UE prefers to find the PDCCH monitoring occasion.
[bookmark: _Toc513790877]The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state. 
We also note that if the NW provides searchSpace-SIB1 in PDCCH-ConfigCommon, e.g., during handover, the search space signaling format does not include the possibility to let the monitoring occasions depend on the selected SSB:
[bookmark: _Toc513790878]In the current search space IE definition in 38.331, there is no possibility to let the monitoring occasions depend on the selected SSB.
However, the monitoring occasion is a separate complication for the network, which is essentially unrelated to the potential configuration of TCI states. 
We note that CORESET #0 is a normal CORESET: the NW may reconfigure CORESET #0 using dedicated RRC signalling. This includes the possibility to configure TCI states for CORESET #0, and the NW may subsequently activate one the configured TCI states using MAC-CE:
[bookmark: _Toc513790879]Dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states. 
Regarding CORESETs, we note that the standard only allows the network to configure three CORESETs, and the minimum UE capability is only two CORESETs. Thus, the number of CORESETs is a quite limited resource. Thus, it becomes important not to restrict the usage of CORESETs, and we propose to clarify that
[bookmark: _Toc513794937][bookmark: _Toc513790882]TCI states can be configured and activated for CORESET #0.
In 38.213, Section 10.1, it is stated that the UE may assume that PDCCH DMRS is QCL with the DL RS(s) in the configured/activated TCI state. This is true also for CORESET#0 with one exception, and that is when the UE monitors Type0-PDCCH, Type0A-PDCCH or Type2-PDCCH search space sets, i.e., SIB1, OSI or paging. In this case, the following agreement from RAN1#92b implies that for receiving PDSCH scheduled by broadcast PDCCH, the UE should assume the selected SSB as the QCL reference rather than a TCI state.
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes


To clarify this, we propose
[bookmark: _Toc513794939][bookmark: _Ref513794976][bookmark: _Toc513790883]Even if TCI states are configured for CORESET #0, the UE may assume that the PDCCH DMRS is QCL with the selected SSB when monitoring Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
A text proposal implementing this proposal is provided in section 3.1.
3	Text Proposals
[bookmark: _Ref513642451]3.1	Text proposals implementing Proposal 3
[bookmark: _Hlk513715444][bookmark: _Hlk513719760]>>> Text Proposal for 38.213 Section 10.1 >>>
[bookmark: _Hlk513719454]If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 
If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. The UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS of the activated TCI state, except for PDCCH reception in search space sets Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS configured by the TCI state, except for PDCCH reception in search space sets Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH. 
>>> End Text Proposal >>>
[bookmark: _GoBack]Conclusion
In the previous sections we made the following observations: 
Observation 1	SS#0 has limited capability when used for non-broadcast PDCCH.
Observation 2	In the search space provided in the MIB, no TCI states are included.
Observation 3	The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state.
Observation 4	In the current search space IE definition in 38.331, there is no possibility to let the monitoring occasions depend on the selected SSB.
Observation 5	Dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Beam management measurements/reporting procedure based on CSI-RS and/or SSB is used for NW and UE to maintain the same understanding on SSB and SS#0 association for non-broadcast PDCCH.
	Note: Check with MIMO session on whether existing beam management measurements/reporting procedure based on CSI-RS/SSB suffices for this purpose.
Proposal 2	TCI states can be configured and activated for CORESET #0.
Proposal 3	Even if TCI states are configured for CORESET #0, the UE may assume that the PDCCH DMRS is QCL with the selected SSB when monitoring Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
 >>> Text Proposal for 38.213 Section 10.1 >>>
If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 
If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. The UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS of the activated TCI state, except for PDCCH reception in search space sets Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS configured by the TCI state, except for PDCCH reception in search space sets Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH. 
>>> End Text Proposal >>>
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