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1. Introduction
For intra-band EN-DC, and by extension to intra-band UL CA and FDM ULSUP, there has been discussion about UE capability and performance based on whether the UE implementation consists of a single Tx chain or dual Tx chains.  The understanding by some is there is a high degree of coupling between transmissions on the two carriers for a single Tx chain, whereas the transmissions can be thought of as nearly independent with separate Tx chains.  The reality is not so black-and-white, which affects the capability signaling.
2. Discussion

2.1. Background

Capability signaling motivated by the different expected performances between single Tx and dual Tx UE architectures for EN-DC, UL CA, and FDM-based ULSUP has been discussed in two different contexts.  In the first, a UE capability was agreed by RAN1 [1] to indicate on a per band per band combination basis whether the UE can handle overlapping transmissions where the start and/or ending times are misaligned between two carriers.  The following is requested of RAN4
· RAN4 to determine whether a UE that cannot handle such cases needs different performance requirements or whether these cases are treated as error cases.
· For intra-band EN-DC and FDM-based ULSUP, whether the capability is applicable also when NR is operated with different numerology than LTE should be determined in RAN4
· RAN4 to determine in which bands, in which band-combinations (including in which bands in the band-combination) the capability is applicable 
· Note: This is not intended to change other UE capabilities and minimum performance requirements related to the number of antennas and PAs as per the RAN4 requirements.
At the same time, a related way forward has been agreed [2] for which a capability bit per band per band combination is defined to enable the UE to indicate which of two sets of requirements is conforms to.  The two sets of requirements are implicitly tied to single Tx or dual Tx UE architectures.  In [2], the requirements include at least MPR and A-MPR as well as switching time between LTE UL and NR UL in single switched uplink operation for intra-band non-contiguous EN-DC.  Other potential capabilities could also be considered to be signalled by this bit.

2.2. Necessity of capability bit(s)

Firstly, both [1] and [2] were careful that while the motivation is the capability or performance assumed based on single or dual Tx architectures, the signaling is not the UE architecture itself, but whether the UE can meet a certain performance or which of two sets of requirements it complies with.  Since UE architecture is implementation dependent and since the UE architecture by itself is irrelevant to the network, there is no reason to signal to the network the specific UE architecture (1 Tx vs. 2 Tx).  The only aspect that is relevant to the network is the expected behavior or performance of the UE.  There are at least three requirements under consideration based on [1] and [2]; that is, capability to handle Tx timing mismatch, distinguishing between two MPR requirements, and distinguishing between two values for switching between between LTE UL and NR UL for single switched operation.  While these requirements may have been originally motivated by an assumption of single Tx or dual Tx, they should not be constrained in such a manner.  For example, it may be possible that a single Tx UE is able to meet Tx phase discontinuity in spite of timing alignment mismatch as suggested in [3], but at the same time, it may not be able to meet MPR derived according to dual Tx.  Similarly, a UE may be able to switch very quickly between LTE UL and NR UL due to a fast tuning mechanism or dual synthesizers but may not be able to meet MPR derived according to dual Tx due to limited antenna isolation.  Therefore, the flexibility of independently setting each capability should be allowed by the signaling.  Otherwise, the UE would be forced to find the “lowest common denominator” if it exists.  If it does not exist or if there are conflicting capabilities; i.e., if the signaling is not flexible enough to represent the UE capability, then the UE must drop support for the band and band combination.
Proposal:  Each capability and/or requirement should be independently signaled and should be decoupled from any particular UE implementation.
However, one consequence of independent signaling is that at least three capability bits must now be defined.  At this late stage in Rel-15, it is inadvisable to introduce additional signaling requirements and potentially new requirements into the specifications.  As was discussed during the last meeting, there is insufficient time to study and gain a good understanding of the implications of various options to the specifications between working groups, system performance, to inter-operability and backwards compatibility, etc.  The working groups should focus on completing the Rel-15 requirements rather than adding new requirements and capability signaling for potential enhancement.  Therefore, it is proposed that signaling is NOT introduced, the UE is expected to behave only within what is defined in Rel-15 specifications.

Proposal:  At this very late stage in Rel-15, additional capability signaling and new requirements should not be added to the specifications.  The Rel-15 UE is expected to behave only within what is defined in Rel-15 specifications.

Not all of the requirements are fully completed yet for Rel-15 (for example, MPR for EN-DC).  Thus, it is expected that these requirements will be completed for the Rel-15 specifications, or any feature dependent upon these specifications will not have requirements.  To enable band combinations introduced at a later time but release independent to Rel-15, additional requirements may be defined in future releases with associated capability bits, but the default condition for those bits should be according to the Rel-15 behavior.
Proposal:  If/when added, the default condition on capability bits should be according to Rel-15 behavior.  Specifically, the default condition if not signaled otherwise shall be

1. UE is incapable of timing alignment mismatch

2. UE complies with MPR according to Rel-15 specification (assumed to be defined)

3. UE complies with switching time between LTE and NR UL of [120] us.

2.3. Timing alignment mismatch

In the RAN1 LS, RAN4 was asked to identify the bands and band combinations which would require capability signaling.  Since the ability (or more precisely the inability) to tolerate timing mismatch is partially impacted by the UE front end architecture and since the UE front end architecture may differ from band to band, it is proposed that the capability be applicable to all bands and band combinations for intra-band EN-DC, UL CA, and FDM ULSUP.  In other words, if this signaling is added, it should be added for all bands and band combinations.
Proposal:  Timing alignment mismatch capability shall be independently signaled for all supported band and band combinations of intra-band EN-DC, UL CA, and FDM ULSUP.

The LS also asks the expected behavior or performance in case a UE signals that it is incapable of timing alignment mismatch, yet is scheduled in such a manner.  Two options are to regard this as an error condition or to define a more relaxed set of requirements.  Given the late timeline for Rel-15, it is impractical to define a new set of requirements.  Moreover, if a UE signals that it is incapable of a certain feature, yet the network nonetheless schedules that feature, then there are no requirements on the UE.  Thus, the appropriate response is that scheduling that conflicts with UE reported capability is an error case for which there are no requirements.

Proposal:  Scheduling that conflicts with UE reported capability is regarded as an error case for which there are no requirements.

Proposal:  The capability applies regardless of the NR SCS.
2.4. Dual PA performance

There is an inherent assumption that a dual PA implementation can overcome the shortcomings of a single PA implementation when transmitting two carriers simultaneously.  Indeed, this may be the case much of the time since the coupling and interaction between the PA’s comes primarily from a reverse intermod from PA output to PA output compared to the forward intermod at the input to the PA for a single PA implementation.  However, it is also well recognized that despite having two PA’s, they are not perfectly isolated.  In fact, the reverse intermod coming from coupling of the outputs through the antenna path plays a significant role in the A-MPR required to meet emission requirements for intra-band EN-DC combinations, even with 2 PA’s.  Similarly, it may be thought that having 2 PA’s removes any phase discontinuity disturbance between transmissions across the PA’s.  However, this may not be true.  Even though the coupling effect may be smaller for 2 PA’s, it is still present and when the requirement for phase continuity is smaller than one degree [3], the coupling effect may not be negligible.  
Proposal:  Study of dual PA performance to meet requirements is necessary since the two PA’s are not perfectly isolated.
3. Conclusion

Capability signaling to indicate whether a UE is capability of meeting requirements derived assuming either single Tx or dual Tx in currently under discussion.  The following proposals have been presented in this contribution.  Of particular note, at this very late stage in Rel-15 specification development, the working groups should be focused on finishing what is already in the specifications rather than adding requirements and capabilities for further enhancement.  Thus, it is proposed that capability signaling is not added for Rel-15 and further study should be undertaken to assess if and how to add any such signaling in future releases.
Proposal:  Each capability and/or requirement should be independently signaled and should be decoupled from any particular UE implementation.

Proposal:  At this very late stage in Rel-15, additional capability signaling and new requirements should not be added to the specifications.  The Rel-15 UE is expected to behave only within what is defined in Rel-15 specifications.

Proposal:  If/when added, the default condition on capability bits should be according to Rel-15 behavior.  Specifically, the default condition if not signaled otherwise shall be

1. UE is incapable of timing alignment mismatch

2. UE complies with MPR according to Rel-15 specification (assumed to be defined)

3. UE complies with switching time between LTE and NR UL of [120] us.

Proposal:  Timing alignment mismatch capability shall be independently signaled for all supported band and band combinations of intra-band EN-DC, UL CA, and FDM ULSUP.

Proposal:  Scheduling that conflicts with UE reported capability is regarded as an error case for which there are no requirements.

Proposal:  The capability applies regardless of the NR SCS.
Proposal:  Study of dual PA performance to meet requirements is necessary since the two PA’s are not perfectly isolated.
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