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1. Introduction

RAN4 has discussed in the previous meeting the NC CA support for mmWave and has agreed that some UEs may be able to support NC CA only when CC frequency separation is smaller than full width of the operating band. The UE support of NC CA is conditioned on the frequency separation (gap) between the CCs. In this contribution we propose the maximum NC CA CC frequency separation, the limitation on the number of gaps and the interferer BW.
2. Discussion
2.1 Background

	· DRAFT LS on mmWave UE NC CA capability signalling (RAN4 #84Bis) [1]

Overall Description:

RAN4 has discussed NC CA support for mmWave and has agreed that some UEs may be able to support NC CA only when CC frequency separation is smaller than full width of the operating band and some UEs can support any CC placement. UE should therefore have means to inform network if it has this limitation. 

The followings are the RAN4 preliminary signaling thinking to cover that issue.

Most feasible way for UE to inform network of its NC CA CC frequency separation capability is done from outer edge to the outer edge of the outmost CCs. 

 The UE support of NC CA is conditioned on the frequency separation (gap) between the CCs. This capability may be different for UL NC CA and DL NC CA.

RAN4 would also like to note that the MIMO capability for intra-band NC CA may depend on the CC frequency separation supported.

· WF Handling NC CA for mmW requirements (RAN4 AH3) [2]
To specify signalling to indicate the maximum supported CC separation by UE for intra-band NC CA.
· Signalling is band dependent
· FFS if center to center distance or edge to edge of CCs is signalled
· FFS values and amount of bits
· FFS applicability for UL CA
· The signalled maximum CC separation is the distance between all the CCs for the NC CA configuration for this UE



2.2 Maximum frequency separation capability
The signalling is determine by the maximum BW separation. The minimum support channel BW is 50 MHz and the maximum total RF BW for DL can be 200 MHz, 400 MHz or 800 MHz depending on the UE capability. Our proposal is to define the maximum NC CA CC frequency separation from outer edge to the outer edge of the outmost CC to 200 MHz, 400 MHz or 800 MHz.

Proposal 1: The maximum NC CA CC frequency separation from outer edge to the outer edge of the outmost CC can be 200 MHz, 400 MHz or 800 MHz
2.3 Frequency separation between CCs

Non-contiguous (NC) intra-band carrier aggregation (CA) is more complicated than the contiguous CA where adjacent carriers are used, since the multi-carrier signal cannot be treated as a single signal and therefore two or more transceivers are required. This has a significant impact on the complexity, especially for the UE where the space and power constraints are tougher to meet compared to the BS. The more contiguous CA vs non-contiguous CA that is implemented,  the better the overall system will perform in terms of average user throughput because the handsets will have more filtering applied to interferers
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Figure 1: Non-contiguous intraband CA terms and definitions [3]
We are comparing the two scenarios. Case 1 considers 50MHz per CC,  16 total possible CC's for max of 800MHz RF BW and Case 2 considers 100MHz per CC, 8 total possible CC's for max of 800MHz RF BW. 
The first column is the number of allocated CCs, second column the numbers of gaps (marked in grey) and third column the allocated BW (marked in blue). The BW of 800 MHz stays constants for the variation on the number of CCs and gaps. 
· Case 1: 50MHz per CC,  16 total possible CC's for max of 800MHz RF BW
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· Case 2: 100MHz per CC,  total possible CC's for max of 800MHz RF BW
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Figure 2: Case 1 and Case 2 - Examples of possible allocation for 300 MHz allocated BW

 and 800 MHz RF BW
The comparison between the same allocated BW for the two cases taking 300 MHz as an example. This is 6 CC, 5 gaps for Case 1 and 3 CCs, 2 gaps for Case 2. The example shows the possibility of achieving the same allocated BW with less numbers of gaps. For the same case we need fewer allocated CCs, the lower the number of gaps relax the complexity of the implementation. The implementation of the UE can have either a separation of the carriers using parallel RF/analog physical chain or it can be implemented with a single RF/analog chain with digital carrier separation. The benefit of having fewer gaps is that it will decrease the UE complexity by decreasing the required number of parallel physical chains. If we consider the case of the UE having to receive multiple sub-blocks with a single RF chain, then it becomes susceptible to in-band interferer such as adjacent channel and blocking. By considering 2 gaps we would limit the number of sub-blocks to a maximum of 3, which can be achieve by aggregating some sub-block to occupy contiguous frequency ranges. 

The sense of the number of interferers, we can discuss gap width in terms of CC count (relative BW) instead of absolute frequency. As an example for the number of interferers:

· For Case 1: 300 MHz allocation with 5 gaps and 50MHz CC's, we have a total of 10 interferers (2*5) if we're spread over the entire 800MHz 
· For Case 2: 300MHz allocation with 2 gaps and 100MHz CC, we have a total of 5 interferers (2+3) if we're spread over the entire 800MHz.
In terms of the relative BW, the two cases are practically identical Both cases have equal total allocated BW and total RF BW, however the Case 2 with 100 MHz per CC has lower relative BW and lower number of potential interferers compared to Case 1. Therefore less potential harmful interference with 2 gap and 100MHz CC. If the relative BW of the gaps is narrower, it minimize the total number of interference and consequently has less potential harmful interference in the band. 

Proposal 2:
To limit the number of sub-blocks for all non-contiguous intraband combinations to a maximum of 3 or to limit the number of gaps between the sub-blocks to 2 for all UEs.
Observation 1:  The number of sub-block combinations that aligns with Proposal 1 can be large. RAN4 should define requirement for representative cases assuming the network implementation will allocate resources in alignment with this requirements.

RAN4 has agreed for contiguous CA the interferer BW equals the total aggregated BW.
For NC CA it is possible that all sub-blocks BW are equal or not. The question is how to define the interferer BW in this situation. There are 3 options: 

1) Minimum sub-block bandwidth

2) Maximum sub-block bandwidth

3) The interferer bandwidth is equal to each sub-block bandwidth under test

From our perspective option 2 will simplify the specification and testing process, since it will allow the testing to be performed with the same interferer profile.

Proposal 3:
Interferer BW is set according to option 2
3. Conclusions

In this contribution we provided our view for the UE capabilities for NC intra-band DL CA. In summary, we have the following proposal:

Proposal 1: The maximum NC CA CC frequency separation from outer edge to the outer edge of the outmost CC can be 200 MHz, 400 MHz or 800 MHz
Proposal 2:
To limit the number of sub-blocks for all non-contiguous intra-band combinations to a maximum of 3 or to limit the number of gaps between the sub-blocks to 2 for all UEs.

Observation 1: The number of sub-block combinations that aligns with Proposal 1 can be large. RAN4 should define requirement for representative cases assuming the network implementation will allocate resources in alignment with this requirements.

Proposal 3:
Interferer BW is set according to option 2
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