3GPP TSG RAN WG1 Meeting #77
R1-142037
Seoul, Korea, 19th – 23rd May 2014
Agenda Item:
6.2.2.2
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Considerations on Low Cost MTC HD-FDD
Document for:
Discussion / decision
1 Introduction 
In RAN1#76bis, the following open issues were identified:
· 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 focuses on some of these issues.

2 Discussion
2.1 DL to UL Switch

RAN4 concluded that the switching time using a single oscillator in HD-FDD for LC-MTC is 1 ms [1].  In 36.211, when HD-FDD switches from DL to UL, a guard period is created by not receiving the last part of a downlink subframe immediately preceeding an uplink subframe.  Consider the DL-UL switching in Figure 1, where a UE is receiving in downlink subframes DL1, DL2 & DL3 and wishes to transmit in uplink subframe UL5 (e.g. to ACK the PDSCH in DL1).  If the switching time is 1 ms, then subframes DL3 and DL4 are affected.  Hence, the existing behaviour of creating the guard period only in subframe DL4 (the subframe preceding the uplink subframe UL5) is not sufficient.  The guard period needs to be created for two downlink subframes preceding the uplink subframe.
Observation 1: With 1 ms DL-UL switching time in HD-FDD LC-MTC UE (using 1 oscillator), a guard period needs to be created in more than one downlink subframe preceding the uplink subframe used by the UE.
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Figure 1: DL-UL switching
In the current specification, a PDSCH received in subframe n is acknowledged in uplink subframe n+4.  Referring to Figure 1, the PDSCH received in subframe DL1 would be acknowledged in subframe UL5 and due to the switching time of 1 ms, the UE can only receive two full downlink subframes.  
Observation 2: A HD-FDD LC-MTC UE using 1 oscillator cannot reliably receive more than two consecutive full downlink subframes.

2.2 UL to DL Switch

There is no defined behaviour for switching from UL-DL in current specification.  However, it is expected that the TA would be able to absorb the switching time.  Due to the increased switching time in LC-MTC, the TA can only absorb some of switching time and a guard period will still be required.  In [2] it is proposed that this guard period is created by not receiving the first few symbols of the downlink subframe immediately after the switching point.  However (as also noted in [2]), the first few symbols of the downlink may contain PHICH and PDCCH for the UE.
Observation 3: If the guard period for UL to DL switching is only created in downlink subframes, the HD-FDD LC-MTC UE (using 1 oscillator) will miss some of the DL control channels (PHICH, PCFICH & PDCCH) when it switches from UL to DL.
2.3 CSI reporting and collision

The switching time has an impact on the CSI reporting period.  2 ms reporting period is not feasible.  Figure 2 shows a 5 ms CSI reporting period where the UE reports CSI in uplink subframes UL1 and UL6.  However due to the switching time, only 1 full downlink subframe can be reliably received (i.e. subframe DL3) by the UE and possibly only 2 uplink subframes can be scheduled, i.e. UL7 and UL8 by DCI in downlink subframes DL3 and DL4 (note if EPDCCH is used in DL4 the UE may not be able to receive the uplink grant).
Observation 4: Fast CSI reporting (e.g. 2ms and 5ms) is not practical for HD-FDD LC-MTC UEs using a single oscillator.
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Figure 2: CSI reporting period of 5 ms
In [3] it is shown that collision of PHICH with a periodic CSI report may occur.  Figure 3 shows another example of such a collision where the HD-FDD LC-MTC UE transmits PUSCH in uplink subframe UL1, UL2, UL3 and transmits a PUCCH for a periodic CSI report in UL4.  Due to the existing PUSCH-PHICH timing, the eNB would send a PHICH in downlink subframe DL5, DL6 and DL7 to acknowledge PUSCH in UL1, UL2 and UL3 respectively.  As shown in Figure 3, the UE would miss the PHICH in DL5.
Observation 5: HD-FDD LC-MTC UE using 1 oscillator may encounter PUCCH-PHICH collision.
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Figure 3: PHICH & PUCCH collision
It is feasible for the eNB to avoid scheduling affected subframes, for example, in the scenario in Figure 3, the eNB can avoid scheduling PUSCH in uplink subframe UL1.  However, this would increase the complexity of the scheduler especially in scenario where full duplex FDD UE, HD-FDD UE (2 oscillators) and LC-MTC HD-FDD UE (1 oscillator) coexists.  
Alternatively, if a single oscillator is used, the guard period can be jointly created in the uplink and downlink subframes.  For example in the scenario in Figure 3, guard period is created by puncturing last part of uplink subframe UL4 and not receiving some parts of downlink subframe DL4, the UE will be able to receive the PHICH in downlink subframe DL5 as shown in Figure 4.  Therefore eNB does not need to avoid scheduling PUSCH in UL1.  The HD-FDD LC-MTC UE can decide whether to create guard period in the uplink or downlink dependent upon which channel it can afford to puncture.
Observation 6: HD-FDD LC-MTC UE using 1 oscillator operating in a cell will have an impact to the eNB scheduler.
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Figure 4: Guard Period created in uplink and downlink
The observations made suggest that there are considerable impacts in using a single oscillator for HD-FDD LC-MTC UEs.  In [4] it is concluded that the savings in using a single oscillator compared to that in using 2 oscillators are marginal.  Hence, it is worth reconsidering the case of using a single oscillator for HD-FDD LC-MTC UE.

Proposal 1: Reconsider supporting 2 oscillators for HD-FDD LC-MTC UEs.
3 Conclusion

We discuss some open issues for HD-FDD operation in LC-MTC UE.  We observe the following:

Observation 1: With 1 ms DL-UL switching time in HD-FDD LC-MTC UE (using 1 oscillator), a guard period needs to be created in more than one downlink subframe preceding the uplink subframe used by the UE.
Observation 2: A HD-FDD LC-MTC UE using 1 oscillator cannot reliably receive more than two consecutive full downlink subframes.

Observation 3: If the guard period for UL to DL switching is only created in downlink subframes, the HD-FDD LC-MTC UE (using 1 oscillator) will miss some of the DL control channels (PHICH, PCFICH & PDCCH) when it switches from UL to DL.

Observation 4: Fast CSI reporting (e.g. 2ms and 5ms) is not practical for HD-FDD LC-MTC UEs using a single oscillator.

Observation 5: HD-FDD LC-MTC UE using 1 oscillator may encounter PUCCH-PHICH collision.
Observation 6: HD-FDD LC-MTC UE using 1 oscillator operating in a cell will have an impact to the eNB scheduler.

We therefore propose the following:

Proposal 1: Reconsider supporting 2 oscillators for HD-FDD LC-MTC UEs.
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