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Background
Since the introduction of UL CA in Rel-10, a common assumption has been that, when performing Tx antenna selection, all the configured carriers have to switch together. For instance, the following agreement was reached in RAN1#65:
Agreement (RAN1#65)
· For a UE that supports transmit antenna selection, when all the UL CCs are configured with Rel-8 transmit antenna selection
– UE is not expected to handle the case where different transmit antenna indices on multiple CCs are used for either SRS or PUSCH.
Otherwise the UE behavior is not defined.




The agreement above resulted in the following excerpts of normative text in TS 36.213:
If a UE is configured with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.
[…]
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection for PUSCH in response to the most recent command received via DCI Format 0 in Subclause 5.3.3.2 of [4]. 

If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.


Note that the original agreement was referring to “SRS or PUSCH” but since Rel-10 does not allow for simultaneous SRS and PUSCH, that part was not captured in the specification. It should also be noted that, if antenna selection is disabled, the UE has to transmit from UE port 0.




Discussion on potential issues with current specification
The current specification on this issue is largely based on the Rel-10 specification. Since then, however, there are a number of features that were introduced, and for which the UE behavior may need to be clarified. In short, the features that may affect this operation are:
1) Simultaneous PUSCH and SRS: In Rel-10 there is no simultaneous SRS and PUSCH transmission (in case of collision across different CC, the SRS is dropped). With the introduction of multiple TAG in Rel-11, it is allowed to simultaneously transmit SRS and PUSCH.
2) FDD-TDD CA: Rel-12 introduced FDD-TDD CA. The feature of Tx antenna selection is widely deployed in TDD systems, but support in FDD is lacking. The case when antenna selection is supported in TDD but not on FDD has not been widely discussed in RAN1.

Observation 1: The general rules for tx antenna switching are largely based on those from Rel-10. RAN1 may have not taken into account some of the impact of introducing new features, such as PUSCH+SRS simultaneous transmission, or FDD-TDD CA.

In the following, we present 3 issues related to antenna switching under different scenarios:

Issue #1: Support of FDD+TDD CA with no FDD switching support

As mentioned above, the feature of TDD antenna selection is much more popular than FDD antenna selection. Moreover, the UE can signal support for TDD antenna selection and not FDD antenna selection, which makes operation in TDD-FDD a bit more complicated. For instance, if we combine the following two specification excerpts (TS 36.213):

1) If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.
2) If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.

These two sentences imply that, if a UE does not support FDD AS, the TDD carrier can only be switched in the subframes in which there is no FDD transmission. In the example below, if FDD has heavy uplink traffic (SRS, PUCCH, PUSCH), then subframes available for AP1 in TDD may be limited. In Figure 1 we depict this scenario, where the FDD CC has uplink traffic in every subframe except the grayed one. Following the current specification, the UE is only allowed to transmit SRS/PUSCH in AP1 in the orange subframe.



Figure 1 FDD without AS, TDD with AS. In this case, the occasions to transmit SRS or PUSCH from AP1 in the TDD carrier may be reduced
Observation 2: For a UE that supports TDD AS but doesn’t support FDD AS, the occasions to switch ports in the TDD carrier may be reduced.

Note that, in many cases, the inability of the UE to perform switching in the FDD carrier is due to the fact that the switching will happen simultaneously in UL and DL (i.e., the same switch is shared among the TX chain and RX chain) – this is also related to issue #2. In some cases, though, the UE may be able to independently switch the TDD Tx antenna without impacting the FDD transmission. Thus, in our view, a more optimized approach (including capability signaling) is needed to support switching in the TDD carrier. Note that switching in the TDD carrier is related to the ability to acquire timely CSI by SRS sounding and reciprocity, which may impact overall throughput if these restrictions hold.



Issue #2: Support of FDD+TDD CA: Interruption of downlink reception

Under some UE architectures, the switches between FDD and TDD bands may be shared. This allows for a simpler RF implementation, reduces the number of switches, and allows for reduced interconnection between different elements. One example architecture following this principle is shown in Figure 2.

[image: ]
Figure 2 Example architecture of FDD-TDD CA with common switch

Observation 2: For some UE architectures, switches may be shared among UL/DL in different bands. In the case of TDD-FDD CA (or TDD-TDD CA with different UL/DL configurations), switching the UL of the TDD carrier may impact the DL of the FDD carrier.

Under this example architecture, the problem is shown in Figure 3: In the last subframe of the TDD Tx, the UE switches from AP0 to AP1. This creates also a switch in DL CC1 due to shared switches, thus degrading the reception.

[image: ]
Figure 3 Switching in CC0 (TDD) creates a phase discontinuity in CC1.

Issue #3: Simultaneous SRS and PUSCH in different antenna ports

The original agreement mentioned in Section 1 was only implemented in Rel-10 for SRS+SRS and PUSCH+PUSCH collisions. Simultaneous transmission of SRS and PUSCH was introduced later, but the antenna port constraint was not modified accordingly.

Observation 3: Current specification does not restrict the case of PUSCH+SRS with different antenna ports.

Proposed solutions
In view of the increased complexity added to the specification in the later releases, there seems to be a need to introduce a more exhaustive signaling from the UE to the eNB to (at least) partially expose some high level description of the RF architecture.

One option to solve the problems would be to signal the support of AS for each band in each band combination. In the cases mentioned above, the UE may signal ‘no support’ of AS if two of the bands show some of the issues. This solution, however, does not solve issue#1, and will result in reduced TDD throughput when the FDD carrier is heavily scheduled.

A second option would consist of more precise description of the switching capabilities of the UE. For example, for each band combination, we can signal which bands in each combo will switch together. Also, it is possible that the DL of some bands will switch together with the UL of another band, so separate signaling for this is also needed.

Proposal 1: Adopt one of the following signaling schemes for Tx antenna selection:
· Option 1:
· For each band combination:
· For each band, signal if Tx antenna selection is supported.
· For the bands that support Tx antenna selection, ‘same port’ has to be enforced.
· Option 2 (preferred):
· For each band combination, signal which bands support Tx antenna selection. For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands for which DL switches together (thus introducing a ‘glitch’ in the DL reception)
· FFS: If antenna selection is supported for the band combinations with ‘glitches’ or is signaled/considered as not supported.

Proposal 2: For the case when ‘same port’ has to be enforced, introduce the constraint of ‘same port for PUSCH+SRS’ in TS 36.213.

Proposal 3: For the case when ‘same port’ does not need to be enforced (due to separate switching), remove the constraints in TS 36.213.






Summary


Observation 1: The general rules for tx antenna switching are largely based on those from Rel-10. RAN1 may have not taken into account some of the impact of introducing new features, such as PUSCH+SRS simultaneous transmission, or FDD-TDD CA.

Observation 2: For some UE architectures, switches may be shared among UL/DL in different bands. In the case of TDD-FDD CA (or TDD-TDD CA with different UL/DL configurations), switching the UL of the TDD carrier may impact the DL of the FDD carrier.

Observation 3: Current specification does not restrict the case of PUSCH+SRS with different antenna ports.

Proposal 1: Adopt one of the following signaling schemes for Tx antenna selection:
· Option 1:
· For each band combination:
· For each band, signal if Tx antenna selection is supported.
· For the bands that support Tx antenna selection, ‘same port’ has to be enforced.
· Option 2 (preferred):
· For each band combination, signal which bands support Tx antenna selection. For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands for which DL switches together (thus introducing a ‘glitch’ in the DL reception)
· FFS: If antenna selection is supported for the band combinations with ‘glitches’ or is signaled/considered as not supported.

Proposal 2: For the case when ‘same port’ has to be enforced, introduce the constraint of ‘same port for PUSCH+SRS’ in TS 36.213.

Proposal 3: For the case when ‘same port’ does not need to be enforced (due to separate switching), remove the constraints in TS 36.213.
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