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1. Introduction

In RAN1#92b meeting [1], the following agreements are made for CORESET#0,

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

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0
In this contribution, the remaining issue of PDCCH transmitted in CORESET#0 scheduling unicast PDSCH is discussed.
2. Discussion of unicast PDCCH transmitted in CORESET#0
CORESET#0 is the CORESET configured by PBCH through the 4 bits MSB of pdcch-ConfigSIB1, which gives the frequency location, bandwidth and duration information for type-0 search space monitoring. While 4 bits LSB of pdcch-ConfigSIB1 and SSB index jointly indicates the monitoring occasions.
For broadcast PDCCH scheduling RMSI, OSI and paging, QCL relation is determined from SSB index identified through initial acess procedure, therefore no TCI state information is needed for CORESET#0 when receiving broadcast PDCCH. 
However, when unicast PDCCH is transmitted in CORESET#0,  PDCCH may be transmitted in only a search space assoicated with a specific SSB index, rather than repeated in all the search spaces assoicated with every SSB index. When UE is configured with a UE specific search space associated with CORESET#0, there is no TCI state information configured since TCI state information is presented in CORESET config IE rather than search space IE, while unfortunately no TCI state for CORESET#0. Without TCI state(s) configuration and UE-specific PDCCH TCI state activation, it is possible that gNB transmits a unicast PDCCH in a different beam from the UE’s expected beam. Then how to ensure the same understanding of TCI state for gNB and UE needs to be discussed for unicast PDCCH transmitting and receiving in CORESET#0.
Several alternatives are listed here,
· Alt.1:CORESET#0 is reconfigured by PDCCH-ConfigCommon with tci-StatesPDCCH.
The reconfigured CORESET#0 is only used for unicast PDCCH transmitted in CORESET#0, and when receiving broadcast PDCCH, CORESET#0 configured by PBCH is used. Since TCI state information is available, the current RRC+MAC-CE procedure is reused to determine QCL relation between DMRS associated with PDCCH and one or more DL RS configured by the TCI state.
One problem of reconfiguring CORESET#0 lies in that the reconfiguration is in PDCCH-ConfigCommon, which is a cell specific signalling. Therefore, the TCI-StatesPDCCH in CORESET#0 reconfiguration IE should include at least all the SSB indexes to provide possible TCI states for all the UEs.
Another problem is that, the frequency domain position of PBCH configued CORESET#0 is based on offset with a particular RB numbers from the SSB, while domain resources of CORESET is based on 45 bits bitmap with granularity of 6RBs in ControlResourceSet IE. Reconfiguration of CORESET#0 should give a same frequency domain location as CORESET#0 by PBCH. However, it can be seen from TS38.213 table 13-1~13-10 that RB offsets are not always mulitple of 6. Therefore, for some CORESET#0 configuration from PBCH, it is impossible to be reconfigured with the same CORESET#0 frequency domain location by PDCCH-ConfigCommon.
· Alt 2 : predefine or configure a TCI state set for CORESET#0, and MAC-CE is used to inform UE the active TCI state from the TCI state set.
Currently, MAC-CE identifies the TCI state applicable to the CORESET among the TCI-StateIds configured in ControlResourceSet IE. However, there are no such candidate TCI-States for PBCH configured CORESET#0. therefore, a TCI state set can be predefined for PBCH-configured CORESET#0 specifically, which defines at least one QCL type with each SSB index. The QCL type here can refer to the same type as the case when 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 for one of the TCI states. Then with the TCI state set available for CORESET#0, MAC-CE can be used to inform UE the TCI state used for unicast PDCCH monitoring in CORESET#0. For example, when 8 SSBs are transmitted, the TCI state set can define TCI-states with TCI-stateId values from 0 to 7 one-to-one corresponding to SSB #0~#7, and MAC-CE indicates the valid TCI state for UE receiving PDCCH in CORESET#0.
Alternatively, the TCI state set can also be configured for PBCH-configured CORESET#0 specifically by high layer signaling, and MAC-CE is used to inform UE the actived TCI state from the TCI state set.
· Alt 3: determine the TCI state implicitly according to the overlapping with search space#0.

When UE specific search space associated with CORESET#0 is configured, the high layer parameter monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot provides monitoring occasion including the monitoring slots and symbols in each periodicity. UE will compares the monitoring occasion of this UE specific search space with search space#0, when it overlaps with the first slot of type 0 search space associated with SSB index n, then UE assumes SSB index n as the TCI state applicable to CORESET#0 when receiving its unicast PDCCH.
There are two sub alternatives for the implicit way,

· Alt 3-1: the monitoring occasions of USS will only be overlapped with search space#0 associated with one specific SSB index. As shown in figure.1, UE is configured with a USS overlapped with the first slot of search space#0 QCLed with SSB index 4. Then PDCCH reception of this USS is implicitly QCLed with SSB index 4.
The disadvantage of alt 3-1 is that periodicity of the USS shall not smaller than the number of slots used for RMSI PDCCH monitoring in every 20ms. Otherwise overlapping may happen to search space#0 associate with more than one SSB indexes, resulting in ambiguity on the TCI state. And another problem exists when USS monitoring occasion is configured on slots non-overlapped with search space#0 slots, then some additional rules are needed to derive the TCI state. For example, the monitoring occasion of search space#0 is limited to the first nine slots for one RMSI configuration, and when the USS is configured a 20slots periodicity and the slot offset is larger than 8, then there will be no overlapping. Then the TCI state association should be extended to those slots.
· Alt 3-2: the monitoring occasions of USS will overlap with search space#0 associated with every SSB index. UE assumes the same TCI state with search space#0 when their monitoring occasions overlaps, as shown in figure.1, which means UE use different TCI states to monitoring unicast PDCCH in different monitoring occasions. In this way, whichever TCI state the gNB used to transmit PDCCH, the UE has the corresponding reception. The problem of this alternative is that eNB will only transmit in one slot using one specific TCI state, but UE has to monitoring in every slot, the blind decoding complexity is high.
It can be seen from the above analysis that Alt3 has some restrictions on periodicity configurations of USS or higher UE complexity.
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Figure.1 implicit TCI state for USS in CORESET#0
Comparing the above three alternatives, alt.1 reconfigures CORESET#0 by PDCCH-ConfigCommon, the problem is that it is difficult to reconfigure the same CORESET frequency domain location as CORESET#0 in  PDCCH-ConfigCommon for some configuration. While the implicit way alt.3 has some restrictions on the USS periodicity or high UE complexity. And alt.2 is a simple way that reuses the current MAC-CE procedure of TCI state indicaton. The only thing to do is a TCI state set needs to be predefined or configured for PBCH-configured CORESET#0. Therefore, alt.2 is prefered. And an example of predefined TCI state table for UE-specific PDCCH monitoring in PBCH-configured CORESET#0 is shown as Table.1 .
Table.1 predefined TCI state table for UE-specific PDCCH monitoring in PBCH-configured CORESET#0

	TCI-StateId
	referenceSignal
	qcl-Type

	0
	SSB #0
	delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters

	1
	SSB #1
	delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters

	…
	…
	delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters

	62
	SSB #62
	delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters

	63
	SSB #63
	delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters


Proposal 1: A TCI state set for PBCH-configured CORESET#0 needs to be predefined or configured, and MAC-CE is used to inform UE the active TCI state for unicast PDCCH monitoring in CORESET#0 from the predefined or configured TCI state set.
3. Conclusion
In this contribution, the remaining issue of PDCCH transmitted in CORESET#0 scheduling unicast PDSCH is discussed, solutions for TCI state determination are discussed, and the following proposal is made,
Proposal 1: A TCI state set for PBCH-configured CORESET#0 needs to be predefined or configured, and MAC-CE is used to inform UE the active TCI state for unicast PDCCH monitoring in CORESET#0 from the predefined or configured TCI state set.
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