3GPP TSG RAN WG1 Meeting #84		R1-160720
St Julian’s, Malta, 15th - 19th February 2016

Source:	Panasonic
Title: 	Physical layer aspects of latency reduction for DL
Agenda Item:		7.3.4.2
[bookmark: _GoBack]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 DL 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.

- 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 reference signal and EPDCCH location as discussed following. 



Reference signal
For PDSCH demodulation, CRS, DMRS and new reference signal could be considered. CRS based demodulation has less spec impact and UE can also use CRS on earlier TTIs. However, the transmission scheme is limited up to 4 layers MIMOs and transparent beamforming cannot be supported.
On legacy DMRS based demodulation, although it can well support MIMO/beamforming, it has some restrictions. Legacy DMRS based demodulation is suitable for 0.5msec TTI. For instance, PDSCH in a TTI is demodulated by DMRS in the same TTI and in this case first slot and second slot can be allocated for different UEs. However, for 4/3 symbols TTI, 2 symbols TTI and1symbol TTI, legacy DMRS location doesn’t cover all TTIs. One approach is several TTIs are shared DMRS or each TTI is connected to limited antenna ports. But even if DMRS is shared, the legacy DMRS is located on later symbols in a slot and it impacts latency performance of earlier TTIs in this slot since DMRS reception should be waited. 
New RS for each TTI can also be considered. If new RS is located on same TTI of PDSCH, the delay is not increased. The number of antenna ports would be depending on TTIs. However, the overhead of reference signals is increased in order to get enough power of reference signal. 
For CSI feedback, if channel itself is not changed, current mechanism can be reused. Both CRS based and CSI-RS based CSI feedback could be considered. If faster feedback to reflect fast variation of the interference in low load has the gain, quick CSI feedback should be studied. How much shortened TTI is necessary is depending on the interference fluctuation and overhead. In shortened TTI, interference from other cell is more fluctuating and it is depending on TTI length. In case resource utilization is low in the cell, the interference fluctuation is significant. However, overhead of UL CCH would be an issue. In addition, realistic processing delay should be also considered. For 1 symbol TTI, 10 TTI cycle is less than 1 subframe. It could be too short. The suitable TTI periodicity in periodic CSI and/or interval in aperiodic CSI should be studied.

DCI
DCI overhead is one of the big issues on latency reduction. As the target is to improve the UE throughput by latency reduction, DCI overhead impacts on the throughput.
PDCCH based, EPDCCH based and new PDCCH based for shortened TTI could be considered. As the starting point, PDCCH is demodulated by CRS and SFBC is supported. EPDCCH is demodulated by DMRS and random beamforming is supported. Then the design of PDCCH for latency reduction is also related to reference signals. In addition, FDM manner and/or TDM manner for multiplexing PDCCH and PDSCH should be considered. Legacy PDCCH is TDM manner and legacy EPDCCH is FDM manner. For shortened TTI like 3/4, 2 or 1 symbols, TDM manner increases additional delay. Then FDM manner would be suitable. For 0.5msec TTI, 1/7 resources are occupied by PDCCH and 6/7 resources are occupied by PDSCH might be acceptable. However, if PDCCH is located on 1st symbols of 2nd slot, the PRB with PDCCH cannot be allocated for legacy UE. In FDM manner, flexibility of resource allocation including power sharing is better than it of TDM manner. 
For shortened TTI, the number of blind decoding per 1ms would be increased. It is depending on the number of blind decoding per TTI. The CSS in PDCCH would be also monitored by latency reduction UE. It can be used for fall-back or dynamic change to legacy TTI length.

Backward Compatibility
For multiplexing legacy UEs and shortened TTI UEs, TDM manner, FDM manner and embedded manner could be considered [2]. If TDM manner is based on a subframe, the effect of latency reduction is limited. The subframes used for legacy UEs cannot be used for shortened TTI UE. The shortened TTI UE should wait to be allocated. FDM manner would be suitable. There is no limitation of allocation resources for legacy UEs and shortened TTI UEs. eNB can select which UEs should be prioritized. The embedded manner would be variation of FDM manner. The PRBs occupied by shortened TTI are difficult to be allocated for legacy UEs. Then it would be FDM manner in a subframe.
Protection of legacy channels should be considered. For DL, PDCCH, CRS, CSI-RS, Paging, PSS/SSS, PBCH should be protected. However, shortened TTI capable UE should be able to receive legacy RRC signalling and legacy PSS/SSS/PBCH/Paging. So, protection behaviour might be same as legacy UEs.
For TDD, in current UL/DL configuration shortened TTI is difficult to be supported since Downlink-to-Uplink Switch-point periodicity is 5ms or 10msec. The spec impact of TDD would be larger than it of FDD.
Conclusion
In this contribution, we discussed specification impact of TTI length, reference signal, DCI format and backward compatibility of latency reduction on DL physical layer.
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