3GPP TSG RAN WG1 Meeting #84		R1-160721 
St Julian’s, Malta, 15th - 19th February 2016

Source:	Panasonic
[bookmark: _GoBack]Title: 	Physical layer aspects of latency reduction for UL
Agenda Item:		7.3.4.3 
Document for:		Discussion and Decision
Introduction
Latency reduction study item has been approved in the RAN plenary #69 meeting [1]. The following areas should be studied in RAN1.
TTI shortening and reduced processing times
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In this contribution, we discuss specification impact of latency reduction on UL physical layer.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]TTI length
For TTI length, we identify following options.
 
- 0.5 msec (1slot) TTI: The design of RB is slot based. Then it has less specification impact. For PUCCH rsouces, legacy frequency hopping can not be used.

- 4 and/or 3symbols TTI: One slot is devided to two shortened TTIs. In case of normal CP, one slot is devided to 4 symbols’s TTI and 3 symbols’s TTI (or two 4-symbol TTIs where one symbol is overlapped). In case of extended CP, one slot is devided to two 3 symbol’s TTIs. 

- 1 symbol TTI and 2symbols TTI: It has big specification impact on DMRS. 

Reference Signal
For UL shortened TTI, DMRS of each TTI should be considered. If single carrier property is assumed, DMRS and PUSCH/PUCCH may not be allocated on same SC-FDMA symbol. In legacy system, DMRS is located on SC-FDMA symbol #3 in PUSCH and SC-FDMA symbol #2,3 and 4 in PUCCH format 1a/1b in normal CP in one slot.
PUSCH
For 0.5msec TTI, legacy DMRS allocation can be reused. The DMRS overhead in 0.5msec TTI is same as it in legacy TTI. For 4 and/or 3 symbols, legacy DMRS may not cover each TTI so additional DMRS may be allocated. In this case, DMRS overhead is larger than that in legacy TTI. For 2 symbols TTI, the situation is similar as 4/3 symbol TTI but DMRS overhead may be larger (1/2). In case of 1 symbol TTI and one symbol is used for the reference, there is no additional resource for DMRS which may occupy the whole symbol. If these very shortened TTI should be supported, OFDM manner in UL might be one of approach. However, it would be big spec impact. Another alternative may be that frequency domain reference signals are inserted in SC-FDMA w/ or w/o multiple non-contiguous allocation of PUSCH. The PAPR might be increased.
If consecutive TTI allocation to one UE is assumed in UL, DMRS sharing among TTIs can be considered. However, resource allocation is limited. This approach may be suitable if traffic load is low in the cell.
PUCCH
For 0.5 msec TTI, legacy PUCCH format can be reused. However, if legacy PUCCH format is assumed, the frequency hopping cannot be supported. If PUCCH protection by hopping should be supported, new PUCCH format needs to be considered. It has big spec impact. For 4 and/or 3symbols TTI, 1 symbol TTI and 2symbols TTI, frequency hopping is difficult to be supported since there are not enough SC-FDMA symbols for data and DMRS. One approach is multiplexing/bundling of multiple ACK/NACK on shortened TTIs for legacy PUCCH resources. However, this approach increases delay of ACK/NACK feedback.

Backward compatibility
Protection of legacy channels should be considered. For UL, SRS, RACH, D2D and eMTC/NB-IoT should be protected. Shortened TTI capable UE should be able to receive legacy RRC signalling. Then, UE know which resources should be protected. For SRS, one of SC-FDMA symbols is occupied. In case of very shortened TTI, PUSCH/PUCCH overlapping with SRS resources might be postponed or not allocated. 

Relation between DL and UL
In [2], we also discuss specification impact of latency reduction on DL. If UL assumes single carrier manner with one symbol is used for the reference, the very shortened TTI is difficult to be supported in UL. On the other hand, DL is easier than UL. Link budget may also be different between UL and DL so UL may require larger TTI length to obtain sufficient energy from lower transmission power of UE. So, the TTI length for DL and UL are not same should be considered.
Conclusion
In this contribution, we discussed specification impact on of TTI length, reference signal, and backward compatibility of latency reduction on UL physical layer. We observed the very shortened TTI is difficult to be supported in UL. Then, the TTI length for DL and UL are not same should be considered.
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