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1. Introduction

At RAN4#46, in [1] some concerns were raised with the addition of half duplex FDD to the LTE specifications. There was also some agreement on limiting the transmission resource block configuration for certain bands and channel bandwidths in order to allow reference sensitivity at the UE not to be impacted. These issues are somehow linked in the end, as they are both intended as ways to reduce requirements on the duplexer in the UE.
The aim of this document is to respond to some of the concerns.

2.
Discussion

2.1
Need for half duplex and response to concerns raised in [1]
As available spectrum becomes scarcer, there are likely to be cases in the future where full duplex FDD cannot be mandated in the UE because of the constraints of the frequency arrangement. In such bands the possibility to allow for half-duplex UEs may be necessary. 
2.2
Answering questions from [1]

It was proposed in [1] that we could add half duplex operation from 3GPP Release 9. 
It is not yet clear when the ASN.1 for 3GPP Release 9 will be frozen, and adding half duplex FDD operation only in Release 9 may mean that some bands which come along prior to that, which could benefit from half-duplex operation, may not be available because the existing Layer 1,2,3 protocols may not support it. The success of LTE relies on the system being made available globally, and having to wait until 3GPP Release 9 for half-duplex FDD operation (when already most of the work has been done to implement it into Release 8) may mean that some countries or regions have no choice but to deploy other technologies that do allow the added spectrum flexibility in available bands.

It was proposed in [1] that there may be drawbacks in system performance by allowing half-duplex operation, and that these should be studied, and also it was suggested that the UE cost savings should be analysed. 
It is acknowledged that the system drawbacks raised in [1] may occur. However, it is also clear that this is depends very much on how the scheduler decides to handle the half-duplex UEs.. Mandating full duplex operation in every FDD band may also come at a cost, and we have already seen at the last RAN4 meeting that, because of concerns over the duplex separation, in some bands it is proposed to limit the transmission resource bandwidth for certain channel bandwidths on uplink to allow better sensitivity, and half-duplex operation is just a further step on that path.
How these trade-offs compare against the cost in the UE is very much depending on the uplink/downlink frequency arrangement and the cost of the additional filtering to do half duplex in such bands.  Hence it is hard to quantify this when it is not clear what the frequency bands, or frequency arrangements for those bands, are at this stage.
Proposal: Given the above rationale, it is proposed for half-duplex FDD to be a UE capability of LTE in 3GPP Release 8 from a protocol perspective, such that the RF requirements can be added when a certain band is proposed to allow half duplex operation. In this sense, the availability and applicability of LTE for new frequency bands to the LTE system is not restricted, and LTE deployment can be maximised globally.
2.3
Addition of half-duplex operation for FDD bands in protocol specs
The intention of this section is to look at what additional changes are really needed to allow meeting the requirements in section 2.1. 
UE perspective
When introducing half-duplex FDD for a certain frequency band, Vodafone believe it would make sense for the specifications not to restrict the UE capabilities unnecessarily, and therefore for bands where half-duplex operation is specified, it should be possible for full duplex FDD operation to also be supported for those UEs or UE-types that do not have problems with the constraints of the duplex arrangement. The following signalling requirements seem to come from this:
Proposal: The UE should indicate via RRC whether they support half duplex or full duplex FDD for a given FDD frequency band.
Proposal: It would also make sense for the specification to allow the Node B scheduler to have the capability to handle both full duplex and half duplex FDD operation for different UEs simultaneously in the cell for a given frequency band.
Node B perspective
From the above, it seems that we can either assume that the Node B scheduler will always support half-duplex and full-duplex operating UEs simultaneously in the cell, OR we can assume that this is an optional capability of the Node B scheduler to have this support. There is probably the need to be flexible. 
Having this as an optional Node B capability would mean that neighbour cell information would need to be updated by 1 bit for the given frequency band in the neighbour cell list (it would not be a “per cell” bit) to indicate “support of both half and full duplex FDD operation”.
2.4
What in addition needs to be done to allow for half-duplex in existing frequency bands?
Assuming the above framework is needed to be implemented in the specifications in Release 8, it is felt that this concept could be applied for any frequency band without significant signalling effort.
From a RAN4 perspective, it may make sense to indicate what the “default” mode of operation is assumed to be from the Node B perspective. The RF requirements for half-duplex operation for any band only need to be done when somebody has a specific need for it.

Proposal: It would be preferable at this stage NOT to rule out the use of half-duplex FDD operation in existing frequency bands, whilst at the same time making it clear that it will not become a high priority for implementation and testing until somebody in the industry requires it.
3.
Conclusion

It is proposed to agree on the following (some of which may need further discussion in RAN WG1 and WG2):
· Half-duplex FDD as a UE capability of LTE in 3GPP Release 8 from a protocol perspective, such that the RF requirements can be added when a certain band is proposed to allow half duplex operation. In this sense, the availability and applicability of LTE for new frequency bands to the LTE system is not restricted, and LTE deployment can be maximised globally.

· The UE should indicate via RRC whether they support half duplex or full duplex FDD for a given FDD frequency band.

· The specification should allow the Node B scheduler to have the capability to handle both full duplex and half duplex FDD operation for different UEs simultaneously in the cell for a given frequency band.

· The specification should NOT to rule out the use of half-duplex FDD operation in existing frequency bands, whilst at the same time making it clear that it will not become a high priority for implementation and testing until somebody in the industry requires it.
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