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1 Introduction
In the last RAN4 meeting, Big CR[1] for intra-band uplink CA was approved with carrier leakage location(IQ image) which is decided by RRC reporting. However, in Rel-15 RAN4 has concluded UE is allowed to report DC location of 3300/3301 considering CCs activated/deactivated for intra-band UL CA.
Currently, DC location is reported per cell per BWP by RRCReconfigurationComplete signaling. All the serving cells’ DC locations are reported via Pcell RRC signaling:
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Fig 1. Tx DC location is reported by RRC signalling

This paper provides further proposal on DC location reporting for intra-band UL CA in Rel-16. 
2 Discussion
2.1 How Tx DC location reports to gNB
As shown in Fig 2, DC location is reported with sequence structure containing all carriers configured. For each carrier, DC location of each configured BWP is reported, the DC value for each BWP can be one of the REs within the carrier. It means DC location for each BWP can be located on any RE within the carrier, i.e. DC location for each BWP can be within the BWP or outside the BWP.
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Fig 2. DC location is reported per serving cell per BWP
More specifically, DC location of a BWP is allowed to be at the center of the carrier, which can be seen as in Fig 3:


[image: image3]
Fig 3. DC location of BWP is allowed to be in the center of the carrier
Observation 1: DC location of each BWP configured within the carrier is allowed to be at any RE within the carrier.
In Rel-15, RAN1 and RAN4 have concluded that UE is allowed to report 3300/3301 for DC location [2][3] considering CCs activating/deactivating for intra-band UL CA(3300:outside the carrier, 3301:undetermined). The DC location reporting procedure can be further described as below:
1. UE completes cell access on Pcell and report DC location with RRCReconfigurationComplete signaling. In this stage, only DC location for Pcell is reported.
2. gNB configure measurement on neighbor cell, and UE starts measurement according to configuration.
3. After measurement reporting, it is up to gNB decision to add Scell for the UE with RRC reconfiguration.

4. UE reports DC locations for both Pcell and Scell in RRCReconfigurationComplete signaling.

Therefore, UE reports DC location for each cell regardless of intra-band or inter-band combinations.

Observation 2: DC location reporting mechanism is per cell per BWP regardless of intra-band or inter-band combinations.
2.2 UE architecture and DC location
For intra-band combinations, there is PA architecture UE capability specified in current TS 38.306 and TS 38.331:
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Fig 4. PA architecture UE capability for intra-band combination
In RAN1 LS[2], it is mentioned Tx DC location is variable due to CCs activating or deactivating. Actually whether it is variable depends on RF architecture for certain band combination. For an intra-band band combination, generally dual PA architecture indicates 2Tx RF chains and 2LOs are used when 2CCs are activated simultaneously. For which, the DC location is not variable because CCs do not share LO. DC location is possible to report(0~3299) under dual PA architecture with current per cell scheme. 

However, for 1PA architecture, it indicates only 1LO is used for CCs, and DC location is variable caused by CC activating/deactivating. More specifically, when 2CCs are simultaneously activated, DC location may located in the center of the 2 CCs; when 2CCs are RRC configured with only 1CC activated, DC location may located in the center of 1CC. Under 1PA architecture, DC location may shift following MAC command. With such implementation, it is impossible for UE with 1PA architecture reporting the specific RE on DC location for intra-band UL CA. The only choice for such UEs would be 3300 or 3301.
Observation 3: under the current DC reporting scheme, there is no possibility to report specific location for intra-band UL CA with 1PA architecture.
2.3 Necessity to report DC location for intra-band CA 
From measurement perspective, the IBE test need Tx DC location to measure on LO leakage and image. EVM test need Tx DC location to exclude LO leakage impact. If UE is reported with 3300 or 3301, such test points or procedure are waved. 
From network UL performance perspective, clear DC location reporting can improve UL performance by leakage cancellation processing. If gNB do not get the clear information on DC location, maybe 1RE LO leakage will have demodulation impact on 1 RB. Such leakage pollution may have big impact on high order modulation.
In Rel-16, FR1 intra-band UL CA is introduced, we think it is necessary to consider on the solution for reporting accurate DC location to the network or TE.
Observation 4: Considering the test requirement and network UL performance, it is necessary to report accurately the DC location to the network/TE for intra-band CA.
2.4 Solution
Firstly, we copy DC location RRC signaling in TS 38.331 again, DC location is reported per cell per BWP as below:
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For each configured cell, UE will report the DC location per BWP the gNB configured to the UE within the cell(4 BWPs in maximum per cell). Then the network can know the DC location of each configured BWP, and real time DC location can be changed by BWP switching. We provide examples on DC location reporting for 2CCs with 2 different implementations. Assume 2 BWPs are configured for each CC, i.e. BWP1,1 and BWP1,2 are configured for CC1, BWP2,1 and BWP2,2 are configured for CC2, which can be seen in Fig 5.

[image: image6]
Fig 5. 2BWPs are configured for each CC
· Example 1: UE take DC location depending on carrier bandwidth, without considering BWP configurations, then the DC location reporting can be seen as in Fig 6, where DC1,1 is DC location for BWP1,1, DC1,2 is DC location for BWP1,2, etc.:
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Fig 6. 
For 1PA architecture, the real DC location is depending on whether both CCs are activated. When 2CCs are both activated, the real DC location is (DC11+DC21)/2. When only CC1 is activated, the real DC location is DC11.
· Example 2: UE take DC location depending on BWP bandwidth, the DC location reporting can be seen as in Fig 7, where DC1,1 is DC location for BWP1,1, DC1,2 is DC location for BWP1,2, etc.:
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Fig 7. 
For 1PA architecture, the real DC location is depending on:

· Whether both CCs are activated
· Which BWP is activated within each CC

When 2CCs are both activated, and BWP1,1 in CC1 is activated, BWP2,1 in CC2 is activated, then the real DC location is (DC11+DC21)/2.

When 2CCs are both activated, and BWP1,2 in CC1 is activated, BWP2,2 in CC2 is activated, then the real DC location is (DC12+DC22)/2.

When only CC1 is activated and BWP1,1 is activated, the real DC location is DC11.
However, other implementations are not precluded, e.g. DC location is neither in the center of carrier or BWP for each cell.

So, we can define the DC location for intra-band CA with 1PA architecture: when 2CCs are both activated, the frequency point in the middle of DC locations indicated for the 2 active BWPs; when only 1CC is activated, DC location is the frequency reported for the active BWP. 

Nevertheless, 3300 or 3301 can be still allowed for UE to report for intra-band UL CA.

Proposal 1: For intra-band contiguous and non-contiguous CA combinations with 1PA architecture UE capability, the DC location is:

· When 2CCs are both activated, the DC location is the frequency point in the middle of DC locations indicated for the 2 active BWPs; 

· When only 1CC is activated, the DC location is the frequency reported for the active BWP. 
Proposal 2：Send LS to RAN2 to inform the DC location reporting scheme for intra-band UL CA.

Proposal 3: Specify LO leakage, IQ image and EVM in TS 38.101-1 with DC location reporting scheme in Proposal 1.

The new method on indication of DC location for intra-band UL CA is introduced from Rel-16, and it requires for UE to make sure that the LO leakage is shown in the center of DC locations indicated for the 2 active BWPs. For some UE implementations, such new method may not needed or the DC location may not shown in the center frequency. So we proposed to introduce a new UE capability as “DC location for intra-band CA with 1PA architecture”.

Proposal 4: Introduce a new UE capability to indicate whether the DC location for intra-band CA with 1PA architecture is positioned at the center frequency of the signaled DC location of the 2 active BWPs. It is reported per band combination.

2.5 LS to RAN2 on FR1 intra-band UL CA DC location

Title:
draft LS on FR1 intra-band UL CA DC location 

Response to:


Release:
Release 16
Work Item:
NR_FR1_RF
Source:
3GPP TSG RAN WG4

To:
RAN2 

Cc:


Contact Person:


· Name:
Zhangqian
· E-mail Address:
zhangqian67@huawei.com 

Send any reply LS to:
3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 


1. Overall Description:

In Rel-16, RAN4 has introduced intra-band contiguous and non-contiguous UL CA. For intra-band contiguous and non-contiguous UL CA with dualPA-architecture IE absent, the DC location is located at:

· When 2CCs are both activated, the DC location is the frequency point in the middle of DC locations indicated for the 2 active BWPs on the 2CCs respectively; 

· When only 1CC is activated, the DC location is the frequency reported for the active BWP. 

Additionally, 3300 or 3301 is still allowed to be reported for DC location.
Considering where may be some UE implementations which do not follow the agreement above, RAN4 also agrees to introduce the UE capability to indicate whether the DC location for intra-band UL CA with 1PA architecture is positioned at the center frequency of the signaled DC location of the 2 active BWPs. 

2. Actions:

To: 3GPP TSG RAN WG2.

ACTION: RAN4 kindly asks RAN2 to take the above information into account.

3. Date of Next TSG-RAN WG4 Meetings:

TSG RAN4 Meeting #97-e

12th – 16th Oct 2020

               Electronic meeting
TSG RAN4 Meeting #98

1th – 5th March 2021
                  Athens, Greece
3 Conclusion

In this contribution we discussed on the open issues on intra-band CA DC location, according to the analysis, we have the following proposals: 
Proposal 1: For intra-band contiguous and non-contiguous CA combinations with 1PA architecture UE capability, the DC location is:

· When 2CCs are both activated, the DC location is the frequency point in the middle of DC locations indicated for the 2 active BWPs; 

· When only 1CC is activated, the DC location is the frequency reported for the active BWP. 
Proposal 2：Send LS to RAN2 to inform the DC location reporting scheme for intra-band UL CA.

Proposal 3: Specify LO leakage, IQ image and EVM in TS 38.101-1 with DC location reporting scheme in Proposal 1.

Proposal 4: Introduce a new UE capability to indicate whether the DC location for intra-band CA with 1PA architecture is positioned at the center frequency of the signaled DC location of the 2 active BWPs. It is reported per band combination.
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