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1
Introduction
In RAN4 #58, it was discussed how to define capability bits for non-contiguous RA in LTE/ LTE-A [1, 2]. It was proposed that the capability bits should be band specific because A-MPR due to non-contiguous RA would be band specific, i.e. both the support of non-contiguous RA in UE and IOT availability in NW would change band by band [1]. It was also argued how to handle within CC/ cross CC and multi-cluster PUSCH/ simultaneous PUSCH and PUCCH [2].
This contribution further discusses this issue and proposes how to signal the capability bits for non-contiguous RA.
2
Discussion
We propose the following options for non-contiguous RA capability signalling. It is assumed that the capability bits for multi-cluster PUSCH should be signalled separately from simultaneous PUSCH and PUCCH, according to the agreements in RAN #51 [3].
Option #1: Two bits for each band and two bits for each CA band combinations
If UE supports Band 1, Band 5, CA_1 and CA_1-5, the following bits should be defined.
· Band 1

· Bit #0: Multi-cluster PUSCH
· Bit #1: Simultaneous PUSCH and PUCCH

· Band 5

· Bit #2: Multi-cluster PUSCH
· Bit #3: Simultaneous PUSCH and PUCCH 
· Band CA_1

· Bit #4: Multi-cluster PUSCH for cross-CC

· Bit #5: Simultaneous PUSCH and PUCCH for cross-CC

· Multi-cluster PUSCH / Simultaneous PUSCH and PUCCH for within-CC should be handled by the bits for each band, i.e. Bit #0 and #1 for Band 1.

· Band CA_1-5

· Bit #6: Multi-cluster PUSCH for cross-CC
· Bit #7: Simultaneous PUSCH and PUCCH for cross-CC
· Multi-cluster PUSCH / Simultaneous PUSCH and PUCCH for within-CC should be handled by the bits for each band, i.e. Bit #0 and #1 for Band 1, #2 and #3 for Band 5..

While this option needs more signalling bits than others, it would be the simplest solution and could clearly indicate the UE capability. 

Option #2: Two bits for each band (No bits for CA band combination)
If UE supports Band 1, Band 5, CA_1 and CA_1-5, the following bits should be defined.

· Band 1

· Bit #0: Multi-cluster PUSCH

· Bit #1: Simultaneous PUSCH and PUCCH

· Band 5

· Bit #2: Multi-cluster PUSCH

· Bit #3: Simultaneous PUSCH and PUCCH

· Band CA_1

· No bits: Multi-cluster PUSCH for cross-CC
· No bits: Simultaneous PUSCH and PUCCH for cross-CC

· If UE supports Band CA_1, it shall support multi-cluster PUSCH and simultaneous PUSCH and PUCCH for cross-CC.

· Multi-cluster PUSCH / Simultaneous PUSCH and PUCCH for within-CC should be handled by the bits for each band, i.e. Bit #0 and #1 for Band 1.
· Band CA_1-5

· No bits: Multi-cluster PUSCH for cross-CC

· No bits: Simultaneous PUSCH and PUCCH for cross-CC

· If UE supports Band CA_1-5, it shall support multi-cluster PUSCH and simultaneous PUSCH and PUCCH for cross-CC.

· Multi-cluster PUSCH/ Simultaneous PUSCH and PUCCH for within-CC should be handled by the bits for each band, i.e. Bit #0 and #1 for Band 1, #2 and #3 for Band 5.
If UE supports UL CA, UE has to support multi-cluster PUSCH and simultaneous PUSCH and PUCCH. From a UE RF point of view, it is true that the support of UL CA would be almost equivalent to the support of multi-cluster PUSCH and simultaneous PUSCH and PUCCH. From an IOT availability point of view, however, more flexible signalling might be needed.
Option #3: Two bits for each band and two bits for any band combination
If UE supports Band 1, Band 5, CA_1 and CA_1-5, the following bits should be defined.

· Band 1

· Bit #0: Multi-cluster PUSCH
· Bit #1: Simultaneous PUSCH and PUCCH

· Band 5

· Bit #2: Multi-cluster PUSCH

· Bit #3: Simultaneous PUSCH and PUCCH

· Band CA_1, CA_1-5

· Bit #4: Multi-cluster PUSCH for cross-CC

· Bit #5: Simultaneous PUSCH and PUCCH for cross-CC

· Multi-cluster PUSCH / Simultaneous PUSCH and PUCCH for within-CC should be handled by the bits for each band, i.e. Bit #0, #1, #2 and #3.

In this option, if UE supports multi-cluster PUSCH or simultaneous PUSCH and PUCCH in one CA band combination, then it supports it also in other CA band combinations. Since UL CA capability is signalled separately, some signalling flexibility would still exist. 

Option #4: One bit of “Non contiguous RA” for each band and one bit of simultaneous PUSCH and PUCCH for any band
If UE supports Band 1, Band 5, CA_1 and CA_1-5, the following bits should be defined.

· Bit #0: Simultaneous PUSCH and PUCCH (Band agnostic)

· Band 1

· Bit #1: Non contiguous RA
· If UE does not support non-contiguous RA for this band, it does not support simultaneous PUSCH and PUCCH irrespective of Bit #0 (the capability of simultaneous PUSCH and PUCCH).

· Band 5

· Bit #2: Non contiguous RA
· If UE does not support non-contiguous RA for this band, it does not support simultaneous PUSCH and PUCCH irrespective of Bit #0 (the capability of simultaneous PUSCH and PUCCH).
· Band CA_1, CA_1-5

· No bits: Multi-cluster PUSCH for cross-CC

· No bits: Simultaneous PUSCH and PUCCH for cross-CC

· If UE supports one CA band combination, it shall support multi-cluster for cross-CC. Furthermore, if UE supports simultaneous PUSCH and PUCCH, then it shall support simultaneous PUSCH and PUCCH for cross-CC.
· Non contiguous RA for within-CC should be handled by the bits for each band, i.e. Bit #1 and #2.

From RF perspective, multi-cluster PUSCH and simultaneous PUSCH and PUCCH can be a single capability, which should be band specific, while from base band perspective, they should be separate capabilities as agreed in [3]. Based on this principle, this option introduces a new capability “Non contiguous RA”, which is band specific signalling and includes both multi-cluster PUSCH and simultaneous PUSCH and PUCCH. Furthermore, it is also proposed that one band agnostic bit for simultaneous PUSCH and PUCCH should be defined in order to indicate whether UE support simultaneous PUSCH and PUCCH from a baseband capability point of view. This option would minimize the number of signalling bits and keep the signalling flexibility, although it might be slightly complicated.

Based on the analysis, we slightly prefer Option 4, because it could minimize the signalling bits and still keep the signalling flexibility. 
Proposal #1: Non contiguous RA capability bits should be defined in a band specific manner.

Proposal #2: Simultaneous PUSCH and PUCCH capability bit should be defined in a band agnostic manner.

Proposal #3: If UE supports one UL CA band combination, it shall support non contiguous RA in the CA band combination.

3
Conclusions
In this contribution, we further discussed how to define capability bits for non-contiguous RA in LTE/ LTE-A. Our proposals are summarized below:

Proposal #1: Non contiguous RA capability bits should be defined in a band specific manner.

Proposal #2: Simultaneous PUSCH and PUCCH capability bit should be defined in a band agnostic manner.

Proposal #3: If UE supports one UL CA band combination, it shall support non contiguous RA in the CA band combination.
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