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Introduction
In RAN#83, requirements for FR2 CA was captured as a work item in approved WID for Rel-16 [1]. In this contribution, we present our view on Rel-16 FR2 CA.
Discussion 
The approved WID in [1] includes one work item to study FR2 CA for Rel-16. · FR2 UE requirements for contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz
· FR2 UE requirements for non-contiguous intra-DL CA for aggregated bandwidth larger than 1400 MHz 
· FR2 UE requirements for contiguous UL CA
· FR2 UE requirements for non-contiguous intra-band UL CA  
· Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and  non-simultaneous transmission on aggregated UL carriers with UE switching between two non-contiguous carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications
· Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the Phase 1 study
· FR2 UE requirements for inter-band DL CA
· FR2 UE requirements for inter-band UL CA
· Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and  non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications
· Phase 2: Define FR2 UE requirements for inter-band UL CA based on the outcome of the Phase 1 study




In order to better understand FR2 CA for Rel-16, we outline the FR2 CA in Rel-15. 
· For both intra-band contiguous and non-contiguous DL CA, the frequency separation class is up to 1400MHz. 
· For UL CA, it is limited to contiguous UL CA with frequency separation class = 800MHz. 
· There is no inter-band CA in Rel-15.

Let’s discuss the bullets listed above one-by-one for Rel-16. 

Intra-band CA

1) FR2 UE requirements for contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz

For 1400MHz DL CA bandwidth, considering spectrum utilization of 0.95, 64QAM modulation with MCS=28 (Table 5.1.3.1-1 in 38.214) and 12 symbols out of a slot for PDSCH. The supported peak data rate (no UL slots) is roughly 6 Gbit/s for single layer transmission, and 12Gbit/s for 2-layer MIMO transmission. 

Considering DL/UL slot ratio = 6:4, DL peak data rate of 3.6Gbit/s can be achieved for single layer transmission and the number doubles for 2-layer MIMO transmission.

Observation 1: For intra-band contiguous DL CA with frequency separation 1400MHz, the achievable peak DL data rate is 6Gbit/s for single layer transmission and 12Gbit/s for 2-layer MIMO transmission.

The question is whether or not in Rel-16 the above peak DL data is enough?  In real time applications, even consider the DL/UL traffic is symmetric, the peak data rate can be up to 3Gbit/s on both direction for single layer transmission and 6Gbit/s for 2-layer transmission.  

Such high peak data rate already posed challenge on processing capability in baseband design on UE side, e.g. die size and power consumption. To further increase peak data rate by increasing the DL CA BW also needs to increase complexity of RF design, like RF captured BW, LNA, analog channelization capability, ADC with increased sampling rate and DFE, etc. In our understanding, current peak data rates can meet all real time applications, at least for PC3 UEs.  Another constraint is the form factor of PC3 UEs.  So for PC3 UEs, we don’t see the immediate demands to further increase the DL CA BW in Rel-16. One may argue that for PC1 UEs, the higher peak data rate may be needed, e.g. in wireless gateway applications. For such UEs, since they are most likely AC powered instead of battery powered and form factors are not a constraint, it may be feasible to support larger DL CA BW. But we believe PC1 UEs could have different architecture with PC3 UEs. One way is to simply reuse PC3 architecture by multiple instances to avoid totally new RF and baseband design. We have following proposal.
 
Proposal 1: In Rel-16 for contiguous intra-band DL CA, the DL frequency separation of 1400MHz is sufficient for PC3 UEs. For other power class UEs, use cases and data rate requirements should be studied before the decision is made.


2) FR2 UE requirements for non-contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz 

Non-contiguous intra-band DL CA is used for segmented spectrum within a band from operators. It also imposes the similar RF challenge to the UE design like contiguous DL CA in RF since frequency separation is a determining factor. Even there are gaps among DL CCs, UE still needs to capture the whole frequency span.  We have following observation and proposal.

Observation 2: Non-contiguous intra-band DL CA and contiguous intra-band DL CA have similar RF design challenge if frequency separation is the same.

 Proposal 2: In Rel-16 for non-contiguous intra-band DL CA, the largest DL frequency separation should be 1400MHz for PC3 UEs. For other power class UEs, follow the decision from proposal 1.  


3) FR2 UE requirements for contiguous intra-band UL CA

In Rel-15, only contiguous intra-band UL CA with frequency separation class = 800MHz is supported.  The peak data rate (no DL slots) is 3.4Gbit/s for single layer transmission and 6.8G bit/s for 2-layer MIMO transmission by considering spectrum utilization of 0.95, 64QAM modulation with MCS=28 (Table 5.1.3.1-1 in 38.214) and 12 symbols out of a slot for PUSCH. Considering DL/UL slot ratio = 6:4, UL peak data rate of 1.4 Gbit/s can be achieved for single layer transmission and 2.8 Gbit/s for 2-layer MIMO transmission. 

In Rel-16, it could be possible to support up to 1400MHz frequency separation in UL CA. But for PC3 UEs, we think the frequency separation = 800MHz is sufficient for contiguous intra-band UL CA by considering the peak data rate which is driven by base band processing capability.  UL spectrum should be confined within DL spectrum. For other power class UEs, use cases and data rate requirements should be studied before the decision is made.

Proposal 3: In Rel-16 for contiguous UL CA the UL frequency separation of 800MHz is sufficient for PC3 UEs. For other power class UEs, use cases and data rate requirements should be studied before the decision is made. 


4) FR2 UE requirements for non-contiguous intra-band UL CA

For non-contiguous intra-band UL CA, the frequency separation class up to 1400MHz can be considered for PC3 UEs. But aggregated BW (sum BW of populated CCs) should be limited to 800MHz since baseband capability should be kept the same between contiguous and non-contiguous intra-band UL CA. For other power class UEs, use cases and data rate requirements should be studied before the decision is made. 

Proposal 4: In Rel-16 for non-contiguous intra-band UL CA, the largest UL frequency separation can be up to 1400MHz for PC3 UEs and maximum aggregated BW is limited to 800MHz. For other power class UEs, use cases and data rate requirements should be studied before the decision is made. 

For intra-band contiguous and non-contiguous DL and UL CA, we should have the following restrictions. 

Proposal 5: For intra-band contiguous and non-contiguous UL CA, UL CCs should be confined within corresponding DL CC’s spectrum.

Proposal 6: For intra-band contiguous and non-contiguous DL and UL CA, all CCs are assumed within one beam from UE perspective.

Inter-band CA

1) FR2 UE requirements for inter-band DL CA

In Rel-15, there is no inter-band DL CA specified.  In Rel-16, if inter-band DL CA needs to be supported, then UE receiver needs to have different RF receive path for each bands. Each Rx path has its own antenna arrays (if not shared), LOs, low path filters, ADC etc.  For PC3 UEs, multiple Rx paths may not be feasible in small form factor and higher power consumption is also not affordable by battery power. So we propose not to introduce inter-band DL CA in Rel-16 for PC3 UEs. For other power class UEs where form factor and power consumption are not concerns, it could be possible to have inter-band DL CA if intra-band DL CA with frequency separation = 1400MHz cannot provide the required peak data rate. In this case, each band should only support intra-band DL CA with frequency separation up to 1400MHz. 

Proposal 7:  In Rel-16 there is no need to introduce inter-band DL CA for PC3 UEs. FFS for other power class UEs.

Proposal 8: If inter-band DL CA is introduced for PC1/2/4, then within each band, the intra-band DL CA should limit frequency separation less than or equal to 1400MHz. 

2) FR2 UE requirements for inter-band UL CA

Similar discussions for inter-band DL CA apply to UL CA as well. The following proposal is for inter-band UL CA.

Proposal 9: In Rel-16 there is no need to introduce inter-band UL CA for PC3 UEs. FFS for other power class UEs.

Proposal 10:  If inter-band UL CA is introduced for PC1/2/4, then within each band, contiguous intra-band UL CA should limit frequency separation equal to 800MHz, non-contiguous intra-band UL CA should limit frequency separation less than or equal to 1400MHz. 

Common to intra-band and inter-band CA
Since use cases and data rate requirements are different among the UEs from different power classes, when proposing CA band combinations, the applicable power class UEs should also be clarified to help UE architecture design. We have the following proposal to address this issue.

[bookmark: _GoBack]Proposal 11: Power class information should be clarified for each band combination starting from Rel-16. 
Conclusion
In this contribution, the scope of FR2 CA in Rel-16 is discussed. We have following observations and proposals:

For intra-band CA:

Observation 1: For intra-band contiguous DL CA with frequency separation 1400MHz, the achievable peak DL data rate is 6Gbit/s for single layer transmission and 12Gbit/s for 2-layer MIMO transmission.

Proposal 1: In Rel-16 for contiguous intra-band DL CA, the DL frequency separation of 1400MHz is sufficient for PC3 UEs. For other power class UEs, use cases and data rate requirements should be studied before the decision is made.

Observation 2: Non-contiguous intra-band DL CA and contiguous intra-band DL CA have similar RF design challenge if frequency separation is the same.

Proposal 2: In Rel-16 for non-contiguous intra-band DL CA, the largest DL frequency separation should be 1400MHz for PC3 UEs. For other power class UEs, follow the decision from proposal 1.  

Proposal 3: In Rel-16 for contiguous UL CA the UL frequency separation of 800MHz is sufficient for PC3 UEs. For other power class UEs, use cases and data rate requirements should be studied before the decision is made. 

Proposal 4: In Rel-16 for non-contiguous intra-band UL CA, the largest UL frequency separation can be up to 1400MHz for PC3 UEs and maximum aggregated BW is limited to 800MHz. For other power class UEs, use cases and data rate requirements should be studied before the decision is made. 

Proposal 5: For intra-band contiguous and non-contiguous UL CA, UL CCs should be confined within corresponding DL CC’s spectrum.

Proposal 6: For intra-band contiguous and non-contiguous DL and UL CA, all CCs are assumed within one beam from UE perspective.


For inter-band CA:

Proposal 7:  In Rel-16 there is no need to introduce inter-band DL CA for PC3 UEs. FFS for other power class UEs.

Proposal 8: If inter-band DL CA is introduced for PC1/2/4, then within each band, the intra-band DL CA should limit frequency separation less than or equal to 1400MHz. 

Proposal 9: In Rel-16 there is no need to introduce inter-band UL CA for PC3 UEs. FFS for other power class UEs.

Proposal 10:  If inter-band UL CA is introduced for PC1/2/4, then within each band, contiguous intra-band UL CA should limit frequency separation equal to 800MHz, non-contiguous intra-band UL CA should limit frequency separation less than or equal to 1400MHz. 

Common to intra-band and inter-band CA

Proposal 11:  Power class information should be clarified for each band combination starting from Rel-16. 
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