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1 Introduction
RAN1 has discussed the support of Half-Duplex FDD (HD-FDD) for low cost MTC UE and the followingworking assumptions and agreements have been made.
 In RAN1#74bis, the following working assumption is reached:
	Working assumption:
· “UL/DL switching” for HD-FDD operation is handled as the same behavior in Rel-8 for low cost MTC UEs supporting with/without coverage enhancement
· Ask RAN4 further specification impact – Prakash (Vodafone), prepare LS until Thursday

· Further discussion is needed about collision issues for PRACH and DL transmissions
· Note that companies can investigate Rel-8 procedure of HD-FDD operation


In RAN1#76bis, RAN1 reached the following agreements:
	Agreements:
· For category 0 UEs, the scheduling and HARQ timing for PDSCH and PUSCH are the same as category 1 UEs

· The case of HD-FDD is FFS


The following inputs are received in a reply LS from RAN4 [1]:
	RAN4 would like to thank RAN1 for their LS in R1-134949 entitled “Half duplex FDD operation for Low complexity MTC UE” and would like to indicate as following.

· 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.


 This contribution discusses and provides our views to the remaining aspects on the support of HD-FDD for low cost MTC UE.

2  Number of oscillators
The LS response from RAN4 [1] was based on the assumption that HD-FDD for low cost MTC UE employs one oscillator to save the cost. According to the third bullet in [1] – “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.”, a GP needs to be defined regardless of the number of LOs. In [2], the RF transceiver including LNAs, mixer, and local oscillator accounts for 40%-50% of the total RF cost, which is the most dominant component in the cost estimation. Since the cost of local oscillator could typically take a significant part of the RF transceiver cost, using one local oscillator would lead to overall cost saving (expected around 10%-20% of the total RF cost). Therefore, it is proposed to consider one oscillator on HD-FDD for low cost MTC UE.
Proposal 1: One oscillator is considered on HD-FDD for low cost MTC UE.

3  Guard period for Tx/Rx and Rx/Tx switching time
 According to the Rel-8 behavior for HD-FDD device as defined in [3]: DL-to-UL switching time is created at the UE side by not receiving the last part of a downlink subframe immediately preceding an uplink subframe. The UL-to-DL switching time is not explicitly defined in the specification, but it is implicitly created by timing advance.  The switching time between DL and UL is illustrated in Figure 1.
[image: image1.emf]
Figure 1 Switching time between DL and UL (captured from [3])
 As discussed in [5], even assuming two local oscillators, the maximum GP (Guard Period) for DL-to-UL is required to be 0.707ms (DL-UL GP = RTT (667μs) + Time for UE ramping up (20μs) + Time for UE ramping down (20μs) = 707μs). A further consideration on using one local oscillator for HD-FDD would result in even larger GP up to 1ms, as indicated in [1].
 In this regard, the Rel-8 definition for DL-to-UL switching time created at the UE side by not receiving the last part of a downlink subframe is not applicable any more, since the decoding attempt for PDSCH (even for PDCCH in the extreme case) could fail. Therefore, it is necessary to define the GP of HD-FDD low cost MTC UE for DL-to-UL switching time in TS36.211.
 Regarding the UL-to-DL switching time, the maximum timing advance is 0.6677ms in order to allow the propagation distance of up to 100km as indicated in RAR message using 11bit TA command. Since Rel-8 HD-FDD operation for UL-to-DL switch time is created by timing advance, the maximum value of 0.6677ms cannot accommodate this1ms switching time as provided by RAN4. Therefore, it is necessary to define GP of HD-FDD low cost MTC UE for UL-to-DL switching time in TS36.211.
 Proposal 2: It is suggested to define the GP of HD-FDD low cost MTC UE for DL-to-UL and UL-to-DL switching time in TS36.211. 
4 Number of HARQ processes
 When considering 1ms transition time for DL-to-UL (and UL-to-DL), it is observed that there are some unavailable subframes due to UE’s Tx/Rx switching and transition period. In this section, two scenarios are analyzed; one is for HARQ RTT timer of 8 and the other is for HARQ RTT timer of 14.
 Figure 2, Figure 3, and Figure 4 illustrate the HARQ operations for HD-FDD of low cost MTC UE with HARQ RTT timer of 8, 7, and 14, respectively, where the maximum number of HARQ processes for HARQ RTT timer are 2, 2, and 4. The example with HARQ RTT timer 7 does not waste DL resource in perspective of the maximum number of HARQ processes while the example with HARQ RTT timer 8 has one unused DL subframe within the HARQ RTT timer. However, at eNB, PDSCH transmission would need to be performed in three subframes after HARQ-ACK reception (four subframes in existing mechanism with HARQ RTT timer 8). The example of HARQ RTT timer 14 could eliminate the above issues while delaying the HARQ operation. Since the soft buffer size is calculated by a function of the number of HARQ processes, further cost reduction would be expected when reducing the number of HARQ processes.
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Figure 2 HARQ operation with 1ms transition gap for HARQ RTT timer 8 (max # of HARQ processes = 2)
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Figure 3 HARQ operation with 1ms transition gap for HARQ RTT timer 7 (max # of HARQ processes = 2)
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Figure 4 HARQ operation with 1ms transition gap for HARQ RTT timer 14 (max # of HARQ processes = 4)
Table 1 summarizes the total number of soft channel bits according to the number of HARQ processes for HD-FDD. As discussed in our companion contribution [6], soft buffer size can be reduced by 50% with LBRM (Limited Buffer Rate Matching) for low cost MTC UE. From the table, it is observed that further cost saving can be achieved by reducing the number of HARQ processes.
Table 1 Number of soft channel bits for HD-FDD

	Number of HARQ processes for HD-FDD
	HD-FDD with LBRM
	HD-FDD with FBRM

	
	Total number of soft channel bits
	Cost saving (%) compared to the conventional one (25344bits [6])
	Total number of soft channel bits
	Cost saving (%)compared to the conventional one (25344bits [6])

	1
	1584
	93.75
	3168
	87.5

	2
	3168
	87.5
	6336
	75

	3
	4752
	81.25
	9504
	62.5

	4
	6336
	75
	12672
	50

	5
	7920
	68.75
	15840
	37.5

	6
	9504
	62.5
	19008
	25

	7
	11088
	56.25
	22174
	12.5

	8
	12672
	50
	25344
	0


Proposal 3: The number of HARQ processes for HD-FDD of low cost MTC UE is reduced to 2 (with HARQ RTT timer 8 or 7) or 4 (with HARQ RTT timer 14).
5 PDCCH monitoring
 According to TS36.321 [7], when DRX is configured, the behavior on PDCCH monitoring is described for HD-FDD UE – When DRX is configured, during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, the UE shall for each subframe monitor the PDCCH. As discussed in the Section 3, up to 1ms GP needs to be considered for DL-to-UL and UL-to-DL transition time. Therefore, the PDCCH monitoring behavior in TS36.321 should be updated as: – “When DRX is configured, during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission or for GP as defined in [7] for half-duplex FDD UE operation, the UE shall for each subframe monitor the PDCCH”.

 In addition, the existing HD-FDD behavior in TS36.321 is specified only when DRX is configured. Although the desirable monitoring behavior in non-DRX configuration would be the same as in DRX configuration, the UE behavior in non-DRX configuration is currently unspecified. Therefore, it is suggested to specify the behavior when DRX is not configured.
 Proposal 4: Send an LS to RAN2 that the following PDCCH monitoring behavior for both DRX and non-DRX configuration is specified for HD-FDD low cost MTC UE in TS36.321:
· “During the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission or for GP as defined in [7] for half-duplex FDD UE operation, the UE shall for each subframe monitor the PDCCH”.
6  Conclusions 
 This contribution discusses some issues for HD-FDD low cost MTC UE. Based on the discussions, our proposals are summarized as followings:
Proposal 1: One oscillator is considered on HD-FDD for low cost MTC UE.
Proposal 2: It is suggested to define the GP of HD-FDD low cost MTC UE for DL-to-UL and UL-to-DL switching time in TS36.211. 
Proposal 3: The number of HARQ processes for HD-FDD of low cost MTC UE is reduced to 2 (with HARQ RTT timer 8 or 7) or 4 (with HARQ RTT timer 14).

Proposal 4: Send an LS to RAN2 that the following PDCCH monitoring behavior for both DRX and non-DRX configuration is specified for HD-FDD low cost MTC UE in TS36.321:
· “During the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission or for GP as defined in [7] for half-duplex FDD UE operation, the UE shall for each subframe monitor the PDCCH”.
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