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1. Introduction

At RAN4#60 the issue of supporting 2 CC DL and 1 CC UL in a UE for intra-band CA was discussed, with particular consideration for the TDD intra-band CA case and Band 41. 

[1] reviewed the rationale for providing such support in RAN4 specifications, discussed the implications and provided suggested ways forward for supporting 1 CC UL for TDD CA. It also highlighted that there are some issues that would need to be overcome in implementations, however, while these are not insurmountable, the current RAN4 CA specifications restrict support of this type of 1 CC UL CA supporting device.
One of the simplest ways forward discussed was to provide RAN4 specification support for a TDD CA capable device that declares itself as supporting bandwidth class C on the downlink and bandwidth class A on the uplink. 
After further study of TS 36.101, it is apparent that TS 36.101 already provides partial support for 2 CC DL and 1 CC UL for intra-band CA, as will be discussed in this document. It is therefore proposed that RAN4 consider updating the requirements that do not current support this type of UE, so that the specification is consistent in support across all intra-band CA requirements.
2. Current support for 1 CC UL
TS 36.101 already specifies that the transmitter requirements are as per non CA requirements in the case of Bandwidth Class A UL. 
As for receiver requirements, while supporting bandwidth class A on the UL has no direct impact on requirements, a number of the receiver requirements are specified assuming a certain UL configuration. Therefore all that is required to enable support for such a device is to clarify the UL configuration requirement for the case of a UE that supports bandwidth class C on the DL and bandwidth class A on the uplink.

A review of TS 36.101 indicates that some receiver requirements already do this, as summarized in Table 2-1, but others do not. To further exemplify how support is provided in some requirements, an example is shown in the form of an extract from the specification in Figure 2-1. 

Table 2-1. Summary of support for 2 CC DL / 1 CC UL in TS 36.101
	Requirement (section)
	Supports Class C DL / Class A UL
	Comment

	Reference sensitivity (7.3.1A)
	No
	Need to specify UL configuration

	Maximum input level (7.4A)
	No
	Need to specify UL configuration

	Adjacent channel selectivity (7.5.1A)
	Yes
	

	In-band blocking (7.6.1.1A)
	Yes
	

	Out-of-band blocking (7.6.2.1A)
	Yes
	

	Narrow band blocking (7.6.3.1A)
	Yes
	

	Spurious response (7.7.1A)
	No
	Need to specify UL configuration

	Intermodulation characteristics (7.8.1A)
	Yes
	

	Receiver image (7.10.1A)
	n/a
	Requirement is bandwidth class independent


Figure 2.1. Extract from TS 36.101

7.5.1A
Minimum requirements for CA

For intra-band contiguous CA (bandwidth Class C) the downlink Secondary CC shall be configured at nominal channel spacing to the Primary CC with the Primary CC configured closest the uplink band. Downlink Primary CC and Secondary CC are both activated. The uplink output power shall be set as specified in Table 7.5.1A-1 with the uplink configuration according to Table 7.3.1A-1 for the applicable CA Band. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.1.
3. Required changes to TS 36.101
As indicated in Table 2-1, all that is required it to update three requirements: reference sensitivity, maximum input level and spurious response. In these requirements it needs to be clarified what UL configuration should be used in the case the intra-band UE only supports 1 CC on the UL. This clarification can be provided in a similar manner to how it is specified in the other requirements that already support it, and examples of modified requirements are provided in the following sections.
3.1
Reference sensitivity

Following is an example of how the reference sensitivity requirement can be modified to enable support:

7.3.1A

Minimum requirements (QPSK) for CA

For CA bandwidth class A the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2.

For the UE that supports inter band CA the reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink component carriers active.. The UE shall meet the requirements specified in chapter 7.3.1.

For CA bandwidth class C the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1A-1. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.1.
3.2
Maximum input level 

Following is an example of how the maximum input level requirement can be modified to enable support:

7.4A.1
Minimum requirements for CA

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.4A.1-1. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.1.
3.3
Spurious response

Following is an example of how the spurious response requirement can be modified to enable support:

7.7.1A 
Minimum requirements for CA
For intra-band contiguous CA the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.7.1-1A and 7.7.1-2A. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.1.
4.
Conclusion

As TS 36.101 already provides support for 1 CC UL in all intra-band CA transmitter requirements and almost all receiver requirements, it is proposed that the missing receiver requirements be added through clarifying the UL configuration in the case of UE that supports one UL. If this is agreed in RAN4 then a CR for TS 36.101 will be provided at RAN4#61, as this is an issue for Rel-10 maintenance rather than specific to the Band 41 CA WI.
In addition it is proposed to include the following text proposal into the Band 41 WI TR to capture the need for 1 CC UL, in addition to 2 CC UL, indicating that in principle providing support in the core specifications is almost complete and that the outstanding issues are a matter for Release 10 maintenance.
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- Start of text proposal for TR -

5.1
Supporting intra-band CA with 1 CC UL

5.1.1
Motivation

As identified in Section 4.1, it is proposed to consider the option to support 2 CC DL CA with either 1 CC or 2 CC UL at the UE. 

The rationale for this is to potentially give some flexibility to UE vendors regarding the trade-off between cost and performance, depending on the “type” of UE and the applications or usage scenarios it may be targeted at supporting. Especially if dual mode LTE FDD and LTE TDD CA capable baseband UE chipsets are developed that do not support 2 CC UL because of the complexities and cost associated with 2 CC UL for inter-band CA in LTE FDD. 

It can be envisaged that UEs that support UL intensive applications, such as devices with high definition cameras performing live video streaming, may warrant the capability to support 2 CC UL. Conversely devices that are focussed on the consumption of similar high definition media, such as portable video players, may not require or benefit from support of 2 CC UL. 

Furthermore, while all UEs could benefit from 2 CC DL in terms of maximum achievable data rates (in theory they could be allocated all RBs anywhere in the cell), only a smaller percentage of UEs could benefit from a data rate increase due to 2 CC UL, as the extra RBs can only be allocated when the link budget has sufficient margin, as such allocations will likely incur extra MPR and possibly A-MPR. Therefore the benefit of supporting 2 CC UL in a UE may be limited to the cases of when a cell is heavily UL loaded, and cross carrier scheduling enables more effective load balancing across UL component carriers. Even in this case the benefits could be limited if this results in multi-cluster allocations and hence link budget restrictions.

Consequently, the need to support 2 CC UL may not be as great as 2 CC DL, depending on the type of device and usage scenario, as well as the difference in DL and UL load and traffic types. 

In summary, when the above issues are considered, it may lead to some dual mode LTE FDD and LTE TDD UE chipset solutions only supporting or warranting 1 CC UL. 

5.1.2
Implementation implications

A UE that operates using 2 CC DL with 1 CC UL results in a different aggregated bandwidth on the DL compared to that used on the UL transceiver path. 

For an FDD intra-band contiguous CA capable UE this is not a major problem as the DL and UL paths will be dealt with independently, due to the duplex spacing of the two carriers. However the situation is not so straightforward for the TDD case, as naturally two different aggregated bandwidths across the DL and UL would drive different local oscillator frequency requirements, and this could lead to some challenges in transceiver design.

However it is not expected that the associated challenges are insurmountable, and therefore, as there is an identified need, the RAN 4 specifications should not limit UE vendors that can produce solutions due to a lack of specified requirements.

5.1.3
Release 10 specification support 
Release 10 RRC signalling specified in TS 36.331 enables independent signalling of DL and UL CA capability and configuration. This enables a UE that supports Bandwidth Class C on the DL to indicate it can only support Bandwidth Class A on the UL and then be configured with the SCC (or SCell) as DL only. 

Such a configuration for intra-band CA is partially supported in TS 36.101 V10.4.0. All transmitter requirements and almost all receiver requirements support 2 CC DL with 1 CC UL, except for reference sensitivity, maximum input level and spurious response, where the DL requirement is specified only for the case of a 2 CC UL configuration.

As partial support of 1 CC UL is a core CA maintenance issue and independent of the Band 41 CA WI, it is expected that the UL configuration in the identified receiver requirements will be clarified as part of Release 10 maintenance, such that they are defined in a similar manner as the receiver requirements that support 1 CC UL. As a result no changes are required to the core Release 10 specifications to enable support for 1 CC UL in Band 41.
- End of text proposal for TR -
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