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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The beam management procedure defined before the RAN1#92 meeting has been mainly concerned with the single carrier and single bandwidth part case.  In RAN1#92 meeting, the issue of beam management in multi-CC operation was raised, and RAN1 agreed to consider simultaneous reception of different DL channels/signals in FR2, including SSB, PDSCH, PDCCH, CSI-RS, and simultaneous transmission of UL channels/signals including PUCCH and SRS.  The agreement is as follows:

Agreement from RAN1#92:	
· RAN1 to discuss at least the following combinations of DL physical channels and reference signals for the simultaneous reception assuming FR2 operation:
[Table omitted]
· RAN1 to discuss at least the following combinations of UL physical channels and reference signals combinations for the simultaneous transmission assuming FR2 operation:
[Table omitted]
· RAN1 to consider at least the following solutions:
· Skipping transmission of reference signal / physical channel, e.g. QCL assumptions are not the same
· Overriding QCL assumptions
· Prioritization of the processing of one physical channel /signal over another 
· NW configuration should ensure the same QCL assumption for the physical channel /signal
· Other solutions are not precluded

In this contribution, we provide our opinions on these issues. 

2 Discussion
2.1 Intra-band CA case

In the DL, a UE RX is not expected to receive from more than one bandwidth parts in a carrier. A UE may receive in multiple CCs, where in each CC it receives from a single bandwidth part. How it receives from multiple CCs varies from the intra-band CA to the inter-band CA case. For the intra-band CA case, different CCs in the same band are usually powered by the same RF chain with the shared DUX and analog power combining/phase shifting circuitry. The same set of RX spatial parameter is applied to different CCs in the same band. If we extend the current definition of QCL to multiple CCs in the same band, we can reuse the concept of QCL developed previously for a single carrier, and consequently reuse much of the beam management framework already in the spec. Only minimal work in the standardization process will be required. Given the amount of standardization work already done on the beam management topic in Re.15, and the limited time going forward, it is best to extend the current beam management scheme to the multiple intra-band CC case. We first analyze how the four types of QCL are affected by carrier frequency. 

Four types of QCL are defined in 38.214:
· QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread} 
· QCL-TypeB: {Doppler shift, Doppler spread} 
· QCL-TypeC: {average delay, Doppler shift} 
· QCL-TypeD: {Spatial Rx parameter}  

QCL types A, B and C deal with the non-spatial channel properties including Doppler shift, Doppler spread, average delay, delay spread. For two carriers in the same band, the physical multi-path channel with its scatters and reflectors can be considered the same. Therefore the average delay and delay spread parameters are common for different carriers. The Doppler related terms (Doppler shift and Doppler spread) depend on the carrier frequency, and the corresponding terms vary between different carriers in the same band. The time-varying Doppler phase shift term related to an incoming ray i can be represented as

where  is the carrier frequency,  is the UE velocity, and  is the spherical unit vector corresponding to the ith incoming ray with distinct AOA and ZOA,  and . It is clear that the phase shift is proportional to the carrier frequency . After UE estimates this phase shift   from a RS in a carrier with frequency , it can derive the Doppler phase shift on another carrier frequency  as

By using this formula, a UE can infer all the four channel properties, including Doppler shift, Doppler spread, average delay, delay spread of a carrier with from a reference signal sent in another carrier. Therefore we conclude the concept of QCL type A, B and C can be extended to multiple carriers in a same band. With a given frequency band, the spatial RX property is relatively insensitive to the carrier frequency. So QCL type D can be extended to multiple carriers in a same band too. Therefore we propose to extend the definition of QCL type A, B, C and D from single carrier to multiple CCs within a same band. 

Proposal 1: Extend the definition of QCL Type A,B,C,D from single carrier to multiple carriers within a same band. 

With this definition of QCL, two reference signals or channels in different carriers can be configured as QCL. For cross-carrier QCL configuration, when a RS (CSI-RS, SSB or SRS) in one carrier is referred to in another carrier, a carrier index needs to be included together with the CRI, SSB Index, or SRI.

Proposal 2: When a RS in one carrier is referred to as QCL in another carrier, the carrier index needs to be included in the RRC configuration together with the corresponding CRI, SSB Index or SRI.

With the QCL definition extended to intra-band CA, UE behavior simultaneous reception of two RSs, a RS and a DL channel, or two DL channels in two carriers in the same band can be defined. Here a RS can be NZP A/SP/P-CSI-RS, including CSI-RS for CSI acquisition, CSI-RS for tracking (TRS), CSI-RS for beam management, or SSB. A channel can be PDCCH (CORSET) or PDSCH. It is most straightforward and easiest to require the network to only simultaneously transmit DL RS and/or channel destined to the same UE in the two carriers that are configured as QCL-TypeD. However, since the spec only defines the UE, not the gNB behavior, a rule is needed when a UE is required to receive two RS and/or channel in two carriers that are not configured as QCL with each other. When this happens, UE should apply the QCL assumption of the RS or the channel in the carrier with the lower index to both carriers.

Proposal 3: If a UE is required to simultaneously receive two RSs or channels in two separate carriers that are not configured as QCL with each other, the UE applies the QCL assumption of the RS or the channel in the carrier with the lower index to both carriers.  

For simultaneous UL transmission in two carriers in the same band, a UE can only apply one set of TX spatial parameter to both carriers. This is because usually a UE uses a single set of RF circuitry, including the power distribution network and the phase shifters, to process the time domain signal in for the entire band. This means there will be no problem for a UE to simultaneously transmit two RSs or UL channels in two carriers that are configured as QCL, but an issue may rise when the two RSs or UL channels are not configured as QCL. In the latter case, two alternative behaviors are available for the UE:

· Alt 1: UE applies the QCL assumption of the SRS/PUCCH/PUSCH in one of the carriers to both carriers. 
· Alt 2: UE applies the QCL assumption of the SRS/PUCCH/PUSCH in one of the carriers, and drop the transmission in the other carrier. 

Among the two alternatives, Alt 2 is easier to implement. When QCL conflict occurs, UE shall transmit the SRS/PUCCH/PUSCH in the carrier with the lower carrier index.  The PUCCH, PUSCH, or SRS transmission in a slot is dropped completely from the carrier with the higher carrier index if it overlaps with the transmission in the other carrier with conflicting QCL in at least one OFDM symbol. 

Proposal 4: If a UE is required to transmit SRS/PUCCH/PUSCH in two UL carriers in the same band with different QCL assumptions, UE only transmits in the carrier with the lower carrier index with the corresponding QCL. The PUCCH, PUSCH, or SRS transmission in a slot is dropped completely from the carrier with the higher carrier index if it overlaps with the transmission in the other carrier with conflicting QCL in at least one OFDM symbol. 
  
2.2 Inter-band CA case

For the inter-band CA case, the large frequency offset between carriers in different bands makes it difficult to use the RS in one carrier as a QCL reference for another carrier. So the definition of QCL should not be extended to the inter-band CA case.

Proposal 5: The concept of QCL should not apply to the inter-band CA case.  Reference signals in different bands cannot be defined as QCL.

On the other hand, different bands are usually powered by different RF chains in a UE with separate DUX and analog combining/phase shifting circuitries. This makes it possible to simultaneously receive in two different bands with different spatial RX parameters. Consequently there is no constraint on simultaneous UE reception in different CCs for the inter-band CA case. For similar reason, different bands are powered by different RF chains with separate power distribution/phase shifter circuitries. Their operations are independent and do not pose any constraints on simultaneous transmission in different CCs from different bands. 

Proposal 6. There is no constraint on simultaneous UE transmission or reception in different CCs from different bands. 

3 Conclusion

In this contribution, we discussed the issue of simultaneous reception of DL RSs and/or channels in separate carrier for the intra-band and inter-band CA cases. Our proposals are recapped as below. 

Proposal 1: Extend the definition of QCL Type A,B,C,D from single carrier to multiple carriers within a same band. 
Proposal 2: When a RS in one carrier is referred to as QCL in another carrier, the carrier index needs to be included in the RRC configuration together with the corresponding CRI, SSB Index or SRI.
Proposal 3: If a UE is required to simultaneously receive two RSs or channels in two separate carriers that are not configured as QCL with each other, the UE applies the QCL assumption of the RS or the channel in the carrier with the lower index to both carriers.  
Proposal 4: If a UE is required to transmit SRS/PUCCH/PUSCH in two UL carriers in the same band with different QCL assumptions, UE only transmits in the carrier with the lower carrier index with the corresponding QCL. The PUCCH, PUSCH, or SRS transmission in a slot is dropped completely from the carrier with the higher carrier index if it overlaps with the transmission in the other carrier with conflicting QCL in at least one OFDM symbol. 
Proposal 5: The concept of QCL should not apply to the inter-band CA case.  Reference signals in different bands cannot be defined as QCL.
Proposal 6. There is no constraint on simultaneous UE transmission or reception  in different CCs from different bands. 
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