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1 Introduction
HD-FDD operation for low cost MTC UEs was discussed based on the RAN4 LS reply on the switching time in the last meeting, which focused on the following issues but no agreements were achieved and FFS till this meeting:
· FFS till RAN1#77 focusing on at least the following areas:

· Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching

· Assumption of the number of local oscillators

· # of HARQ processes

· Soft buffer management

· Impact, if any, on PDCCH monitoring and CSI reporting

· Impact, if any, on PHICH handling

This contribution will further discuss these issues by referring the discussion in Rel-8 standardization based on the assumption of a single oscillator. Note that such an assumption was conducted and recommended by RAN4 based on the promising cost savings they had expected on the work of a single-chip for CA capable UEs (about 5%~6% overall cost savings as commented in offline discussion).
2 UL-DL allocation
Dynamic and semi-static UL/DL allocations were proposed in [1], but the dynamic allocation was agreed and adopted in Rel-8 [2], by which
· Sub-frames are assigned for uplink or downlink transmission dynamically as a result of the scheduler operation
· 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
· Sub-frames are reserved for uplink transmission as a result of the normal FDD timing associations between PDSCH and ACK/NACK and between PDCCH carrying UL grants and PUSCH
· Uplink transmission may not occur on sub-frames required for PHICH reception

This scheme allows for full flexibility in the UL-DL allocation and no loss of spectral efficiency as there, from a network perspective, can be simultaneous uplink and downlink transmissions in all subframes.
The above procedure still holds for LC-MTC UEs. The number of HARQ process could be the same as full duplex UEs given the marginal cost savings and impact on specifications by reducing it and the soft buffer management could be the same as the legacy HD-FDD UEs. 
Proposal 1: Keep the number of HARQ process the same as that for the full duplex UEs and the soft buffer management the same as that for the legacy HD-FDD UEs.

3 Guard period for DL-to-UL switching

It was agreed in [2] the guard period for DL-to-UL shall be provided at the end of the downlink sub-frame in which UEs would not receive the last part of the downlink as illustrated in Fig. 1. 
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Fig. 1: UE DL-to-UL switching
According to the discussion in Rel-8 standardization, the switching time depends on the implementation but is in the order of one OFDM symbol [1]. Considering the 667 us RTT for the cell radius of 100 km, the guard period could be up to 10 OFDM symbols for the normal CP case. For LC-MTC operating in HD-FDD mode assuming a single oscillator equipped, the switching time dependent on implementation could be 250 us (in the order of 4 OFDM symbols) or up to 500 us (7 symbols) [3]. The GP w.r.t. UEs of different switching time operating in different cell size is summarized in Table 1. 
Table 1: GP w.r.t. UEs of different switching time operating in different cell size (# OFDM symbols)
	               Switching time
RTT/Cell radius
	Two oscillators

(1 symbol/71.3 us)
	A single oscillator
(4 symbols/285 us)
	A single oscillator
(7 symbols/500 us)

	3 symbols/32 km 
	4
	7
	10

	6 symbols/64 km
	5
	10
	13

	9 symbols/96 km
	10
	13
	16


For UEs located as far as in the 100 km cell edge, if equipped two oscillators, although almost all of the PDSCH region would not be received, the control region could still be received and the ignored PDSCH if scheduled by PDCCH would be retransmitted per UEs feeding back NACK. It applies to LC-MTC UEs working in HD-FDD mode when located in cells of radius smaller than 32 km by not receiving the last part of a downlink as it is defined in the current TS 36.211.
RAN 4 indicates the GP is up to 1 ms for HD-FDD LC-MTC UEs when deployed in the 100 km cell edge, and a whole subframe will not be received in such a case. If consider the 1 ms GP for all of UEs wherever they are located for the worst case, the GP could be created as in the following proposal: 
Proposal 2: For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the whole downlink subframe immediately preceding an uplink subframe from the same UE.
If proposal 2b is adopted, eNB will implicitly not schedule the downlink subframe # n immediately preceding an uplink subframe # (n+1) for the same UE, and according to the FDD systems timing, PUSCH in subframe # (n-4) would not be granted by PDCCH in subframe # (n-8). UEs will neither monitor PDCCH nor expect PHICH in subframe # n accordingly. 
4 Guard period for UL-to-DL switching

It was agreed in [2] the guard period for UL-to-DL is created at the eNB by timing advance means, and the same adjustment of the uplink timing from the eNB perspective is also applied to full-duplex UEs. 
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Fig. 2: UE UL-to-DL switching
The uplink-downlink frame timing definition in [4] is as the following: 
Transmission of the uplink radio frame number 
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Afterwards, a CR [5] of changing the TA offset to zero for HD-FDD was agreed to preserve uplink orthogonality in cells serving a mixture of half duplex FDD UEs and full duplex FDD UEs. However, with the definition of TA [6] where 0 ( NTA ( 20512 and the zero TA offset for HD-FDD assuming the 20 us UL-to-DL switching time, either the last part of the uplink subframe and/or the first part of the downlink subframe will fall in the switching time when RTT< 20 us (i.e., when UEs are located within the coverage of the cell radius of 3 km), as illustrated in Fig. 2 with missing the first part of the downlink as an example. This issue was not solved in the specifications. 
For LC-MTC HD-FDD, the switching time is 250 or up to 500 us [3]. If there is no change to the GP definition in specifications, the above issue would happen to all of UEs with RTT < 250 us (i.e., when located within the coverage of cell radius of 37.5 km), and this issue is even worse for UEs with the 500 us switching time. 
There are three solutions to resolve the above issue:

1) Define the TA as RTT + offset (switching time) for all UEs serving in the same network.
Note: this was adopted in [4] but revised by [5].
2) Define UE’s behavior when the uplink subframe and the downlink subframe overlap as not receiving the first part of a downlink subframe immediately following an uplink subframe from the same UE [3].
3) Keep the existing procedure unchanged for legacy HD-FDD UEs, but define UEs will not receive the whole downlink subframe immediately following an uplink subframe from the same HD-FDD LC-MTC UEs.
Given the desire of not changing the procedure for legacy HD-FDD UEs and not degrading the network efficiency severely by introducing HD-FDD LC-MTC UEs, the following proposal is presented for the GP definition for the UL-to-DL switching for HD-FDD LC-MTC UEs:
Proposal 3: For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the whole downlink subframe immediately following an uplink subframe from the same UE.
With proposal 3 adopted in specifications, eNB will implicitly not schedule the downlink accordingly as above mentioned.  
Note that the guard period (1 ms) for DL-UL and UL-DL switching as proposals 2 and 3 requires to be defined in TS 36.211 as Appendix A, otherwise, UE’s behavior is ambiguous, especially for those HD-FDD MTC UEs with shorter switching time and are able to receive part of the downlink. 

In addition, there was a concern in offline discussion about eNB scheduling complexity to serve HD-FDD MTC and suggested an indication in SIB to represent if eNB supports HD-FDD MTC UEs. Such an indication may not be necessary, as RAN2 has agreed an indication for eNB supporting MTC or not and eNB can assume all MTC UEs are HD-FDD. 
5 Conclusions
Some open issues regarding HD-FDD operation for LC-MTC are discussed in this contribution, which leads to the following proposals:

Proposal 1: Keep the number of HARQ process the same as that for the full duplex UEs and the soft buffer management the same as that for the legacy HD-FDD UEs.

For DL-to-UL switching, if consider the 1 ms GP for all of UEs wherever they are located for the worst case, the GP for Rx-to-Tx switching could be created as: 

Proposal 2: For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the whole downlink subframe immediately preceding an uplink subframe from the same UE.
For UL-to-DL switching,
Proposal 3: For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the whole downlink subframe immediately following an uplink subframe from the same UE.

The text proposal is appended in the end when considering the GP for the Rx-to-Tx switching for the worst case. 
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Appendix A. Text proposal on section 6.2.5, TS 36.211
----------------------------------------------Start of TP on TS36.211----------------------------------------------

6.2.5
Guard period for half-duplex FDD operation

For half-duplex FDD operation, a guard period for Rx-to-Tx is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the whole downlink subframe immediately preceding an uplink subframe from the same UE.
For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the whole downlink subframe immediately following an uplink subframe from the same UE.
----------------------------------------------End of TP on TS36.211----------------------------------------------
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