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1. Introduction

In previous meetings, RAN2 has agreed that half-duplex terminals needed to be supported in LTE, although the support may be limited to specific frequency bands (this is still FFS). More recently, RAN1 has agreed on a number of principles for HD-FDD terminals, which can be found in [1]. One conclusion from RAN1 is copied below:
· The UE shall assume that any sub-frame not otherwise required for transmission of uplink may contain PDCCH for assignments of uplink and/or downlink grants

One potential issue with half-duplex terminals is that the eNB would not know their capability until late in the call flow sequence. Since HD terminals cannot transmit and receive at the same time, this implies that the eNB would have to treat all UEs as HD-FDD terminals until it got the UE capabilities from the MME or the UE. This contribution analyzes whether this is acceptable, or whether an early HD capability needs to be signalled to the eNB.
2. Discussion
Below is a simplified Attach call flow, showing the steps before eNB get AS capabilities:
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As shown in this Attach call flow, eNB would not know the HD-FDD capability until it receives the UE capability information message from the UE.
Now, here is a simplified Service request call flow:
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In case of Service Request, the eNB would normally get the HD-FDD capability alongside other AS capabilities in the S1 initial context setup request from the MME. 

There are two main possibilities with regards to getting the UE’s HD-FDD/FD-FDD capability to the eNB: 1) do nothing and rely on current UE capability exchange mechanisms; OR 2) introduce a mechanism for the eNB to know the HD-FDD capability of the UE early. The following analyses both options.
1) Do nothing – eNB treats all terminals equally until it get UE AS capabilities through already agreed mechanisms

In this case, eNB will need to deal with possible collisions between UL & DL transmissions until it gets UE capabilities. If eNB chooses to avoid such potential collisions, there is a potential additional delay in the call flow sequence. Possibilities of collision avoidance needs:

· RACH preamble / Random access response: no possibility for collision

· RRC connection establishment: 

· no possibility of collision between RRC connection request (and possible HARQ retransmissions) and RRC connection setup, since they are sequential

· In general, there is no possibility of collision between RRC connection setup and RRC connection setup complete since they are sequential (aside from ACK-to-NACK errors)
· PUCCH transmissions: in RRC connection setup, eNB may allocate PUCCH resources for CQI and buffer status reporting. This periodic reporting may collide with possible PDCCH assignments, or PDSCH transmissions.  Different ways of solving this problem are:

1. The eNB can decide to always avoid such collisions based on its knowledge of PUCCH transmissions. In this case, performance of FD-FDD terminals is slightly affected
2. The eNB can decide not to configure periodic PUCCH resources, in which case aperiodic CQI are triggered/requested e.g. upon reception of an S1 message. eNB can also ensure buffer status reporting is not delayed by allocating an UL grant in advance of a planned UL transmission. In this case, there should be no collision

3. The eNB can decide not to worry about such collisions and rely on PDCCH/PDSCH retransmissions in case such collisions happen. In this case, performance of HD-FDD terminals is slightly affected
It should be noted that possibilities for such collisions with PUCCH are somewhat limited, as shown in the call flows above. 

· For the LTE Attach procedure, collisions could arise if NAS Authentication is run, for transmission of DL SMC and UE capability enquiry, as well as transmission of HARQ ACK/NACKs of UL messages, and DL RLC control information
· For the Service Request procedure, risks of collisions and depend on how frequently AKA is triggered by the MME.

In general, the performance degradation of FD-FDD terminals in case of periodic PUCCH resources and solution 1 above is chosen will depend on the periodicity of PUCCH assignment, and would be significant only in case of short periods.
· NAS AKA, Security Mode Command & UE capability enquiry: again here, these are sequential procedures, so there is no risk of collision other than the ones mentioned before. The eNB does need to make sure these messages are sent in at most 4 consecutive subframes so that HD-FDD UEs can send HARQ feedback in subframe x+4. This does remove some scheduling flexibility 
2) Early HD-FDD capability  – UE indicates its HD-FDD capability early in the call sequence

If eNB was to know early in the call sequence that a UE is half or full duplex, it could choose whether or not it wants to optimize its operations based on that knowledge. This would allow greater eNB flexibility, i.e.
· No scheduling restrictions in case RRC messages are segmented (no need to send them in 4 or less consecutive subframes)
· Ability to apply scheduling restrictions / special eNB handling only to HD-FDD
Solutions for indicating this capability:

· single bit in the RRC connection request

· HD-FDD capability in RRC connection setup complete

· In this case, the eNB would not benefit from this capability for possible collisions between DL HARQ and UL PUCCH

· Further partitioning of RACH preambles
3. Conclusion

This contribution analyzes the need for an early indication of HD-FDD capability from the UE to the eNB. Without this indication, the eNB would need to treat all UEs equal until it received the AS UE capabilities, resulting in a slight performance degradation for FD-FDD terminals in some scenarios, as well as a small loss in scheduling flexibility. 
The slight performance degradation can be solved by the eNB by avoiding the use of periodic PUCCH, but this again seems to constrain the eNB to a specific implementation just for the purpose of half-duplex UEs.

For these reasons, we believe an early HD-FDD capability indication would be beneficial to the eNB. If one bit is available in the RRC connection request, Nortel’s preference would be to use it for an HD-FDD capability indication.
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