3GPP TSG RAN WG1 Meeting #85                                                               R1-165133
Nanjing, China 23rd - 27th May 2016
Source:               ZTE

Title:                    Discussion on UL gap for eMTC
Agenda item:      6.1.5
Document for:    Discussion and Decision

1 Introduction
In RAN4 #78bis meeting, the following LS was agreed [1]:
RAN WG4 respectfully asks RAN WG1 to clarify the expected eMTC UE behaviour.

· Is RAN1 considering the introduction of any mechanism for maintaining frequency and timing accuracy in eMTC, for example similar to the mechanism used in NB-IoT?

In this contribution, we discuss the necessity and mechanism for maintaining frequency and timing accuracy in Rel-13 eMTC.
2 Discussion on mechanism for maintaining frequency and timing accuracy
In Rel-13 NB-IoT [2], the predefined set of NB-PUSCH numbers of repetitions of the allocated RUs is {1, 2, 4, 8, 16, 32, 64, 128}. For Single tone transmission, one RU schedulable in PUSCH transmission for the data consists of fixed 8 ms and 32 ms for 15 kHz and 3.75 kHz subcarrier spacing respectively. For NB-IoT UEs in extreme coverage, time duration of NPUSCH transmission with single tone transmission would be long (1024 ms ~ 4096 ms). For long uplink transmission in NB-IoT, uplink transmission gaps are introduced for UE switching to the DL and performing time/frequency synchronization. 
For BL/CE UEs, the predefined set of PUSCH repetition numbers are {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. The maximum PUSCH repetition numbers is 2048, the continuous transmission duration would be 2048 ms which is comparable to the value of NB-IoT. For BL/CE UEs, low cost oscillator may be used for cost saving purpose. For a HD-FDD BL/CE UE configured with CEModeB, considering long continuous uplink transmission, similar to NB-IoT UEs, the HD-FDD BL/CE UE would have frequency drift. Similar to NB-IoT, uplink compensation gaps for the long continuous transmission are necessary in order to provide opportunities for the UE to correct its frequency offset using the downlink signals. 
For a HD-FDD BL/CE UE configured with CEModeB, similar to NB-IoT, for any PUSCH transmission with duration greater than X ms, a final UL gap of duration Y ms is inserted at the end of the PUSCH transmission. The value of X and Y can reuse the value defined in NB-IoT. 
According to current agreement for frequency hopping in Rel-13 eMTC [3], frequency hopping of PUSCH occurs based on absolute SFN, subframe number and Ych and the value of Ych for FDD for CE mode B is chosen from {2, 4, 8,16}. Considering that Ych for FDD for CE mode B is chosen from {2, 4, 8, 16}, value of X and Y which is equal to multiple of maximum of Ych is preferable for reducing the potential hopping collision of PUSCH. 

If UL compensation gaps are introduced for HD-FDD BL/CE UE configured with CEModeB and frequency hopping of PUSCH is enabled, the narrowband for PUSCH transmission in the first subframe after UL gap can be determined according to one of the following alternatives:

· Alt 1: The narrowband for PUSCH transmission in the first subframe after UL gap is same as the narrowband for PUSCH transmission in the last subframe before UL gap as shown in Figure 1.

· Alt 2: The narrowband for PUSCH transmission in the first subframe after UL gap is determined based on the narrowband for PUSCH transmission in the last subframe before UL gap and the cell-specific configured offset as shown in Figure 2.

· Alt 3: The narrowband for PUSCH transmission in the first subframe after UL gap is determined based on the assumption that frequency hopping occurs based on absolute SFN, subframe number and Ych, i.e., UL gap periods are not precluded for calculating frequency hopping points as shown in Figure 3.
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Figure 1 Example of frequency hopping with UL gap  -  Alt 1
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Figure 2 Example of frequency hopping with UL gap  -  Alt 2
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Figure 3 Example of frequency hopping with UL gap  -  Alt 3
Alt 3 can keep the frequency hopping pattern for PUSCH repetitions which may reduce the hopping collision.
Proposal 1: Mechanism of uplink compensation gaps in NB-IoT can be reused for Rel-13 eMTC. 
· For any PUSCH transmission with duration greater than X ms, a final UL gap of duration Y ms is inserted at the end of the PUSCH transmission.

· It is preferable that the value of X and Y equals to the multiples of maximum of Ych.

3 Conclusions
In this contribution, we have discussed UL gap for maintaining frequency and timing accuracy in eMTC. We make the following proposals:
Proposal 1: Mechanism of uplink compensation gaps in NB-IoT can be reused for Rel-13 eMTC.

· For any PUSCH transmission with duration greater than X ms, a final UL gap of duration Y ms is inserted at the end of the PUSCH transmission.
· It is preferable that the value of X and Y equals to the multiples of maximum of Ych.
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