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1. Introduction
The following agreements on HARQ process number for low complexity UEs were reached in RAN1#76.
· # HARQ processes for MTC UEs not in coverage enhancements:

· Keep the same number of processes unchanged from Rel-11

· For HD-FDD, FFS
A reply LS on switching time of low complexity HD-FDD UEs were agreed in RAN4 [1].
· For low complexity HD-FDD MTC UE, the Rx-to-Tx switching time is up to 1ms if single oscillator is used 

· For low complexity HD-FDD MTC UE, the Tx-to-Rx switching time is up to 1ms if single oscillator is used 

· The definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity HD-FDD MTC UE.
In this contribution, we discuss the number of HARQ processes for low complexity HD-FDD UEs taking RAN4’s reply into account.
2. Discussion
The maximum number of HARQ processes is specified in Rel-11 in TS36.213 as follows.
· For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.
· For FDD and uplink transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling operation, i.e. normal HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. 
Note: uplink transmission mode 2 is ignored as low complexity HD-FDD UEs are not expected to support it.

The enhanced HARQ pattern for subframe bundling is expected to be introduced in Rel-12 as an optional feature. There shall be 3 uplink HARQ processes for enhanced HARQ pattern for subframe bundling operation.

It can be seen that the number of HARQ processes for FDD does not differentiate half duplex from full duplex. Following this principle, the number of HARQ processes for low complexity HD-FDD UEs shall be the same as low complexity FD-FDD UEs, i.e. the same as normal FDD UEs.
On the other hand, the maximum number of HARQ processes for low complexity HD-FDD UEs is limited as the UE cannot transmit and receive simultaneously. In addition, up to 1ms Rx-to-Tx and Tx-to-Rx switching time would further limit the number of HARQ processes. Note that the eNB would assume 1ms switching time for all the low complexity HD-FDD UEs unless the UE reports the number of oscillators used or other information to indicate a shorter switching time.
According to the current HARQ timing, there can be a maximum of 3 downlink HARQ processes and 3 uplink HARQ processes for non-subframe bundling operation for low complexity HD-FDD UEs as illustrated in Figure 1.
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Figure 1: Maximum number of HARQ processes for non-subframe bundling operation
It is unclear if low complexity HD-FDD UEs would support subframe bundling. If subframe bundling is supported, only one HARQ process is supported as illustrated in Figure 2.
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Figure 2: Maximum number of HARQ processes for subframe bundling operation

Following we compare the two options of number of HARQ processes for low complexity HD-FDD UEs in terms of UE complexity/cost and specification impact.
· Option 1: The number of HARQ processes is the same as normal FDD UEs. To be more specific, there are a maximum of 8 downlink HARQ processes, 8 uplink HARQ processes for non-subframe bundling operation, 4 uplink HARQ processes for subframe bundling operation and 3 uplink HARQ processes for enhanced HARQ pattern for subframe bundling operation if supported.
· Option 2: There are a maximum of 3 downlink HARQ processes, 3 uplink HARQ processes for non-subframe bundling operation and 1 uplink HARQ process for subframe bundling operation if supported.
From UE complexity/cost perspective, option 2 may bring additional cost savings in HARQ buffer due to less downlink HARQ processes. Half duplex is now a per band UE capability. It is unclear if low complexity UE can support multiple bands. If multiple bands are supported, the cost savings in HARQ buffer can be achieved only if full duplex operation is not supported in any supported band and the estimated cost savings is less than 0.7%. 
From specification impact perspective, option 1 has no impact while option 2 would impact both RAN1 and RAN2 specifications. In RAN1, the number of HARQ processes for low complexity HD-FDD UEs shall be defined in 36.213. In RAN2, a different total number of soft channel bits shall be specified for HD-FDD UEs which may result in a new UE category or sub-category.
Considering the limited cost savings, it is slightly preferred to keep the same number of HARQ processes for low complexity HD-FDD UEs as normal FDD UEs.
3. Conclusion

In this contribution, we analyze the number of HARQ processes for low complexity HD-FDD UEs. It is observed that if the number of HARQ processes is the same as normal FDD UEs, there is no specification impact. If the number of HARQ processes is reduced, maximum 0.7% cost savings can be achieved and both RAN1 and RAN2 specification impact is expected.

Considering the trade-offs between UE cost savings and specification impact, it is slightly preferred to keep the same number of HARQ processes for low complexity HD-FDD UEs as normal FDD UEs.
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