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1. Introduction

A Half-Duplex FDD UE at a given time (subframe) can only be in either receiving mode (RX) or transmitting mode (TX).  It cannot be in TX and RX mode simultaneously due to lack of Full-duplex capability.
Under some scenarios:
· eNB and UE may get out of sync with respect to UE’s TX/RX state for a subframe (mismatch).
This is usually caused by Ack/Nak transmission errors
· Potential conflict in TX/RX states caused by a new grant meant to override an existing re-transmission or a prescheduled transmission.
· Need for re-transmissions causing ambiguity between TX/RX states required by re-transmissions (& associated Ack/Nak processing) and those for pre-scheduled data (e.g. semi-persistently scheduled data).
Such scenarios need to be taken care of by specifying how a mismatch is resolved or avoided.  And how a potential conflict is resolved in an unambiguous manner. This ensures both eNB and UE continue to have a consistent view of the UE TX/RX mode.   


2. Discussion
2.1. Normal Operation:

An HD-FDD UE is usually in RX mode thus monitoring the PDCCH and any downlink data on the PDSCH.  The UE transitions to TX mode when explicitly or implicitly required to do so.  E.g.:

· UE Configured to periodically transmit CQI, SR and SRS in certain sub-frames.

· An UL grant instructing the mobile to transmit UL data.

· A DL-grant (for PUSCH data transmission) requiring UE to send Ack/Nak after 3 TTI’s

Note that, UE has to be in RX mode in certain TTI’s, e.g. 3 TTI’s after transmission of UL data in order to receive Ack/Nak on PHICH from the eNB. 

Under normal conditions, mismatches or ambiguities should not arise as eNB scheduler is expected to make UL/DL scheduling decisions according to HD-FDD UE’s expected TX/RX mode(s) for the sub-frames affected by the scheduling grant (i.e. transmission sub-frame & Ack/Nack frame).  Note that expected TX/RX mode(s) depend upon previously scheduled transmissions.
2.2. Mismatches caused by Ack/Nak Transmission errors:

Errors on Ack/Nak transmitted on PUCCH (in response to DL data transmissions) do not cause a mismatch regarding UE’s TX/RX status.  This is due to the asynchronous nature of DL HARQ.
On the other hand similar Ack/Nak transmission errors on PHICH (in response to UL data transmission) cause a mismatch between eNB and UE regarding UE’s TX/RX states.

· PHICH Ack->Nack error

In this case UE mistakenly transitions itself to be in TX mode in a (n+4th) TTI in which it performs the UL re-transmission as a response.   This error causes UE to not listen to the PDCCH in that TTI and potentially miss any UL or DL grants sent in it.  This is bad but no worse than a grant erasure.

UE will also assume it must switch to RX mode to receive PHICH after 4 TTI's from the re-transmission.  
This creates a potential mismatch between UE and eNB regarding UE’s TX/RX state.  Note that the mismatch may fortuitously get mitigated e.g. if eNB happens to send a DL grant along with the Ack (that caused Ack-Nack error).

· PHICH Nack->Ack error  
In this case UE prematurely gets back into RX mode and starts monitoring the PDCCH.  Of course eNB does not schedule anything “conflicting” in the TTI's it expects UE to be doing the re-transmission or listening to PHICH. 
Proposal 1: 
No special procedures need to be defined to avoid or recover from Ack/Nak transmission errors for HD-FDD operation.

2.3. Potential TX/RX state conflict due to overriding of CQI/SR on PUCCH:

Overriding of a CQI/SR opportunity by a DL grant is not possible. 

Overriding of a CQI/SR opportunity by an UL grant for the same TTI does not require any special considerations, as similar scenarios can legitimately arise in FD-FDD operation.

CQI/SR can also be overridden due to an earlier UL transmission (n-4th TTI) that requires reception of PHICH in the same TTI.  This requires UE to switch to RX mode which conflicts with the requirement for UE to be in TX mode for CQI/SR transmission.
In this case UE can afford to skip PUCCH transmission as inband signalling (over the PUSCH) can be used instead to convey the same information to eNB.   Hence it is recommended that UE should prefer PHICH reception over PUCCH transmission in this case.  This is further justified as both eNB and UE are aware of this interaction right at the UL-grant time:  eNB knows about overriding of CQI/SR; UE is able to accommodate CQI and BSR along with UL data transmission
Proposal 2:
After a first UL transmission, UE gives precedence to listening to PHICH over transmission of CQI/SR over PUCCH.

If the same scenario (conflict between listening to PHICH vs. CQI/SR transmission) due to UL re-transmission,  CQI/SR should be given precedence.  This is because at the time of initial UL grant neither eNB nor UE could have deterministically predicted this potential conflict.

Proposal 3:
After one or more UL re-transmissions, if a potential conflict arises between listening on PHICH vs transmission of CQI/SR over PUCCH.  UE gives precedence to transmission of CQI/SR over listening to PHICH.  UE assumes to have received an Ack on PHICH when not listening to it.
2.4. Potential TX/RX state conflict due to overriding of (semi-) persistently scheduled data:

Following scenarios create potential TX/RX state conflict due to a grant overriding scheduling of persistently scheduled data.  The conflict can be either caused directly (an UL vs. DL data transmission), or indirectly (an UL/DL Ack/Nak transmission conflicting w/ DL/UL data transmission).  

All of the following can be resolved by giving precedence to the overriding grant over persistent transmission.  The justification is that eNB scheduler must have deliberately decided to override persistently scheduled data.
· UL grant for a TTI where persistently scheduled DL data transfer was supposed to happen.
Note: the converse overriding is not possible.
Proposal 4:
An UL transmission grant gets precedence over persistently scheduled DL data in the same TTI.

· DL grant in TTI (x), which requires Ack/Nak in TTI (x+4) in which a persistently scheduled DL transfer is also expected.  

· UL grant for TTI (x), which requires Ack/Nak in TTI (x+4) in which persistently scheduled UL transfer is also expected.
Proposal 5:
A dynamic transmission grant gets precedence over persistently scheduled data, if it results in data transmission for the latter to cause a TX/RX conflict with Ack/Nak corresponding to the 1st data-transmission of the former.
2.5. TX/RX State Conflict due HARQ re-transmissions interactions between dynamic and semi-persistent scheduled data:
Whenever a re-transmission or Ack/Nak corresponding to a re-transmission conflicts with a persistently scheduled data transfer, persistently scheduled data transfer is given precedence.
· UL grant for TTI (x), which ends up requiring re-transmission in TTI (x + 8), colliding with persistently scheduled data transfer.

· If the persistently scheduled data-transfer is for UL, this is a normal scenario that may also occur during FD-FDD operation and should be handled per current specification.

· If the persistently scheduled data-transfer is for DL:

i. DL data reception is given priority i.e. UL data re-transmission is skipped.

ii. And the UE sends Ack/Nack response following the DL reception (instead of listening for PHICH Ack/Nak for the never-happened UL re-transmission).  UE can safely prepare to resume UL-re-transmission in the next interlace.  

iii. It is FFS whether IR is incremented or not.

iv. Note that UL re-transmission can safely resume from next interlace regardless of success failure of the DL transmission HARQ. This is because DL re-transmission for semi-persistent scheduling is dynamic and asynchronous.  Hence DL re-transmissions can be easily scheduled around the UL transmission in progress.
Proposal 6:
If a UL data re-transmission is in conflict with a semi-persistently scheduled DL data transmission, the persistent DL data transmission and its Ack/Nak gets precedence.  UL re-transmission is resumed from the next interlace (i.e. another 8 TTI’s later).  It is FFS whether IR version is incremented or not.
· UL grant for TTI (x), which ends up requiring a re-transmission (in TTI x+8) and consequently DL Ack/Nak in TTI (x + 12), colliding with persistently scheduled UL data transfer in that TTI:

· Persistent UL data transmission is given precedence i.e UE does not listen to PHICH Ack/Nak.  Similarly Ack/Nak reception corresponding to the persistent data transmission is given precedence.
· Once HARQ process for Persistent UL data is complete, eNB may resume or terminate the pending HARQ Process.

Proposal 7:
If a Ack/Nak for an UL data re-transmission is in conflict with a persistently scheduled UL data transmission, persistent UL data transmission and its Acks/Naks get precedence.  The pending, overridden UL HARQ process may either be terminated or resumed once persistent UL HARQ process is complete.

3. Conclusion

Various scenarios exist in which the UE TX/RX state becomes either out of sync between eNB and UE, or an ambiguous situation arises (regarding TX/RX state) due to conflicting requirements among a pair of  interacting transmissions.

Proposals to resolve potential ambiguities/inconsistencies identified in such scenarios have been made, and are open for discussion and adoption.
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