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1 Introduction
This contribution discusses the interpretation of 36.101 specifications and overall 3GPP (RAN2) specifications based on Pcell support in carrier aggregation mode.

It has been observed there is potential risk of UE fragmentation with regards to Pcell support. And for this reason this paper analyses current specifications, and in case there something needs to be corrected, the next step would be to send an LS to corresponding group, and/or address the lack of clarity with regards to this issue with the corresponding CRs.

2 Background
The reason for this paper is because it has been observed different interpretations based on whether Pcell shall be supported in all aggregated bands, or not, and associated signaling that can or cannot be used to signal such a possibility.

In fact, it has been observed that there could be different interpretations on Pcell support for a given combination CA_X-Y aggregation of Bands X and Band Y with regards to both signaling and 36.101 specifications:

a) (DL,UL) = (X+Y,X) and (X+Y,Y)

b) (DL,UL) = (X+Y,X)

c) (DL,UL) = (X+Y,Y)
The view from some companies is based on R5-134269 from Ericsson, where it is indicated that b) and c) are possible in a chipset and that can be signalled by the UE separately. The excerpt of the UE logs are reproduced here taken from R5-134269
---- UE log from R5-134269 Ericsson ----

Example: 

The signalling of UE-EUTRA-Capability in TS36.331 [2] for supportedBandCombination-r10 of CA Inter-band configuration CA_4A-17A with two DL and one UL is illustrated by:

        rf-Parameters-v1020 {

          supportedBandCombination-r10 {

            {

              {

                bandEUTRA-r10 4,

                bandParametersUL-r10 {

                  {

                    ca-BandwidthClassUL-r10 a

                  }

                },

                bandParametersDL-r10 {

                  {

                    ca-BandwidthClassDL-r10 a,

                    supportedMIMO-CapabilityDL-r10 twoLayers

                  }

                }
              },

              {

                bandEUTRA-r10 17,

                bandParametersDL-r10 {

                  {

                    ca-BandwidthClassDL-r10 a,

                    supportedMIMO-CapabilityDL-r10 twoLayers

                  }

                }

              }
            },

            {

              {

                bandEUTRA-r10 4,

                bandParametersDL-r10 {

                  {

                    ca-BandwidthClassDL-r10 a,

                    supportedMIMO-CapabilityDL-r10 twoLayers

                  }

                }

              },

              {

                bandEUTRA-r10 17,

                bandParametersUL-r10 {

                  {

                    ca-BandwidthClassUL-r10 a

                  }

                },

                bandParametersDL-r10 {

                  {

                    ca-BandwidthClassDL-r10 a,

                    supportedMIMO-CapabilityDL-r10 twoLayers

                  }

                }

              }
            }

[Ericsson explanation: “The yellow part indicates that the UE supports CA_4A-17A with band 4 as the PCell. The turquoise part indicates that the UE supports CA_4A-17A with band 17 as PCell.

As it is not mandatory for the UE to support Pcell on both bands in CA Inter-band configurations, i.e. to signal both the yellow and the turquoise part in the example above, then must RAN5 test cases take this aspect into account in the test cases applicability statements.”]
---- end of UE log ---

In the following sections we discuss whether this behaviour is correct, and regardless of interpretation whether this behaviour should be correct.

3 Discussion

RAN2 only aspects (very brief as the view of this issue from RAN2 perspective shall be treated in RAN2 WG)

From Vodafone view, such interpretation of RAN2 specs is not possible. Nowhere in the RAN2 specs it is indicated that this should be interpreted this way, in fact the meaning of the absence of such optional messages is not clear. However that should be discussed in RAN2.

In 36.331 the ca-BandwidthClassUL is optional, and we did not find what the absence of such field means. In fact from 36.101 specifications, it seems that the absence means all BW class are supported.

Observation 1: ca-BandwidthClassUL field is optional, and from RAN2 specifications we have not found what the absence of that field of information means.

However, it is found in 36.306 that in 4.3.5.2, the following:

4.3.5.2
supportedBandCombination

This field defines the carrier aggregation, MIMO and MBMS reception capabilities supported by the UE for configurations with inter-band, intra-band non-contiguous, intra-band contiguous carrier aggregation and without carrier aggregation. For each band in a band combination the UE provides the supported CA bandwidth classes and the corresponding MIMO capabilities for downlink. The UE also has to provide the supported uplink CA bandwidth class and the corresponding MIMO capability for at least one band in the band combination
Observation 2: in 36.306 it is indicated that the UE has to provide supported UL CA BW class for at least one band in the band combination, but it is not clarified what the absence of that field of information for one of the bands represents.

RAN4 perspective
Anyhow, apart from the potential signalling flexibility, from RAN4 perspective there is no indication that Pcell can be restricted in general terms based on UE capability, in fact UE by default is assumed to support Pcell in all bands being aggregated, unless specified otherwise. The following are examples of specific cases where Pcell suffers from restrictions:

· SDL only bands i.e. Band 29 and 32: Note 2 in Table 5.5-1 indicates that Pcell shall be configured in other aggregated band. Obvious for a SDL only band.

Other type of restrictions in Pcell are found in Table 6.2.5-2: ΔTIB,c (two bands), where Note 4 says: Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.

Other than those above, there is no other Pcell or operation mode restriction to any of the bands specified. In fact, 36.101 specifications do consider both Pcell are allowed when in carrier aggregation mode, e.g. all discussions around quadplexer design, Pcell in both bands is always considered and taken into account in the design (proper isolation across bands assuming UL can be in either band, etc.).

Observation 3: 36.101 specifications do assume Pcell is supported in all bands part of a CA combination unless specified otherwise. This aspect has a clear translation to requirements that are relaxed or adapted to support Pcell in both bands. Only in specific cases agreed in RAN4 and captured in 36.101 or SDL bands, Pcell is restricted or limited to one band within the band combination.

RAN2 and RAN4 relation

Above it was indicated that Vodafone interpretation of RAN2 specs did not make clear what the absence of UL BW class meant. According to Ericsson, this means Pcell in that band is not supported. However, according to RAN4 36.101 specifications, the absence of BWclass indicates that all classes are supported: Note “Absence of a CA bandwidth class for an operating band implies support of all classes.” This note can be seen in:

· Table 5.6A.1-1, Note 1

· Table 5.6A.1-2, Note 1

· Table 5.6A.1-2a, Note 1

(Table 5.6A.1-3 does not contain any note surprisingly)

Observation 4: Existing note: “Absence of a CA bandwidth class for an operating band implies support of all classes” in Tables 5.6A.1-1, 5.6A.1-2, 5.6A.1-2a of 36.101 specifications, contradict the interpretation of Ericsson on the meaning of the absence of BW class UL.

In the light of this discussion, it may be needed to further clarify in RAN4 specifications that Pcell shall be supported in all aggregated bands unless specified otherwise. If specification was made not considering Pcell in one of the bands, it is understandable that this restriction is specified in RAN4. However, the lack of RAN4 guidance in this aspect could be misinterpreted.

Proposal 1: For a given CA combination, Pcell shall be supported by a UE in all aggregated bands, unless indicated otherwise. And this RF capability shall be clearly indicated in 36.101 specifications as it is done today for SDL and other complicated bands.
Proposal 2: send LS to RAN2 to clarify the absence of BWclassUL field, and ensure that RAN4 interpretation made in Proposal 1 above is properly transposed to RAN2 specifications if and where needed.

4 Conclusion

This paper has presented Vodafone interpretation of Pcell capability issue with regards to the assumption that a UE can signal Pcell support for each of the aggregated bands in a band combination, or not.
The following observations have been made:

Observation 1: ca-BandwidthClassUL field is optional, and from RAN2 specifications we have not found what the absence of that field of information means.

Observation 2: in 36.306 it is indicated that the UE has to provide supported UL CA BW class for at least one band in the band combination, but it is not clarified what the absence of that field of information for one of the bands represents.

Observation 3: 36.101 specifications do assume Pcell is supported in all bands part of a CA combination unless specified otherwise. This aspect has a clear translation to requirements that are relaxed or adapted to support Pcell in both bands. Only in specific cases agreed in RAN4 and captured in 36.101 or SDL bands, Pcell is restricted or limited to one band within the band combination.

Observation 4: Existing note: “Absence of a CA bandwidth class for an operating band implies support of all classes” in Tables 5.6A.1-1, 5.6A.1-2, 5.6A.1-2a of 36.101 specifications, contradict the interpretation of Ericsson on the meaning of the absence of BW class UL.

And the following proposals have been made:

Proposal 1: For a given CA combination, Pcell shall be supported by a UE in all aggregated bands, unless indicated otherwise. And this RF capability shall be clearly indicated in 36.101 specifications as it is done today for SDL and other complicated bands.

Proposal 2: send LS to RAN2 to clarify the absence of BWclassUL field, and ensure that RAN4 interpretation made in Proposal 1 above is properly transposed to RAN2 specifications if and where needed.

