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1 Introduction

For the work item on shortened TTI and processing time for LTE [1] the following was agreed concerning 1ms TTI operation. 
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
This paper studies the need for faster CSI feedback mechanism for 1ms TTI operation.
2 Discussion
A shorter UL grant to UL data and a shorter DL data to DL HARQ feedback delay will be defined as part of the WI on shortened TTI and processing time. For this, it is necessary that UEs can receive DL data and prepare UL data faster than in LTE Rel-8. This reduced processing time compared to Rel-8 may come for one part from improvements in UE over the years and for another part from potential latency-oriented modifications to LTE operations to be introduced in this work item, e.g. reduced maximum TBS of DL/UL transmissions. Because shorter processing time is assumed in this work item, CSI mechanism could also benefit from this progress. Two CSI reports are possible: aperiodic and periodic. With periodic CSI reports, the UE knows in advance when a CSI report is expected and it prepares the report beforehand. The time actually spent for channel quality estimation is thus UE implementation-specific. Aperiodic CSI reports however are requested by the eNB by setting a flag in the UL grant in TTI n. In Rel-8, the UE has to send the CSI report in TTI n+k, where k = 4 for FS1 and k is given in Table 8-2 of [3] for FS2. In this WI, if the delay between UL grant to UL data for 1ms TTI operation is shortened to 2 or 3ms, a similar shortened delay can be considered for aperiodic CSI feedback as well. Depending on the UE implementation, this shortened delay has more or less impact. Two implementations are possible. 

· With a first possible UE implementation, the UE starts the CSI estimation only after receiving the request in the UL grant. This means, the UE has less than k ms to compute and prepare the CSI feedback. If the CSI reporting delay is shortened in this WI, this UE implementation is affected and must handle faster the channel estimation and preparation of CSI feedback. This is a tougher requirement for UE, but a CSI feedback of higher quality is achieved with this UE implementation, since the delay between CSI measurement and CSI usage by eNB scheduling is effectively shortened.
· With a second possible UE implementation, the UE autonomously performs CSI estimation in every subframe. The CSI aperiodic reporting mode is semi-statistically configured over RRC. The UE thus knows what reporting mode is expected from it in case of an aperiodic CSI report request. It can thus prepare in advance the report. In this case, the UE is almost ready to report CSI without further major processing upon request from eNB. This kind of UE implementation is processing-demanding but is not as much affected by reducing aperiodic CSI feedback reporting delay, since the UE does not wait for decoding the UL grant before calculating the CSI. 
Thus, the actual effort related to a potential reduction of the CSI reporting delay depends on UE implementation. 
In the following the technology potential of shortening the CSI reporting delay for 1ms TTI are evaluated using system-level simulations. The performance with a reduced CSI reporting delay equal to 1ms is compared with the one with the legacy delay of 4ms. We assume that an aperiodic CSI report requested in TTI n is sent by the UE in TTI n + k, k = {1, 4} and is processed by eNB in the next TTI before being effectively used in the scheduler for TTI n + k + 2. The user speed is 30 km/h. Figure 1 shows the normalized average user throughput and cell-edge user throughput. It can be seen that the gains of reducing the CSI reporting delay is larger when the CSI reporting is more frequent since the accuracy of the report is also overall higher. The gains of reducing the CSI reporting delay are however still very attractive with a less frequent CSI report, as seen in Table 1. 

Observation: 
reducing CSI reporting delay with 1ms TTI operation is beneficial

Proposal: 

Specify a reduced CSI reporting delay with 1ms TTI operation
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Figure 1 Normalized user throughput (average and 5th perc.) for different CQI reporting periodicities {1ms, 5ms} and CQI reporting delays {1ms, 4ms}

Table 1
Gains of shortening reporting delay from 4ms to 1ms at 0.67 bps/Hz/cell served traffic (equivalent to 50% RU for the cases with 4ms CSI reporting delay)

	
	Gains in mean user throughput
	Gains in cell-edge user throughput

	5ms CSI reporting period
	15%
	40%

	1ms CSI reporting period
	32%
	96%


If the reduced CSI reporting delay k1 is not the same as the reduced delay k2 from UL grant to UL data, strange situations can occur, where the UL grant with a CSI flag set to true will schedule PUSCH transmission for the UE in two different subframes, one in n+ k1 and one in n+k2. The eNB needs to keep track of this behaviour and avoid requesting a CSI report from another UE or scheduling another UE later that may collide with either n+k1 or in n+k2. Further, the UL grant would need to contain details about the PUSCH allocation for two subframes and not a single subframe.
A reduced CSI reporting delay different from the reduced delay from UL grant to UL data would also lead to the need for new timing tables dedicated to CSI reporting in case of FS2. These complications seem unnecessary and to avoid them, we propose to use the same timing for both CSI reporting delay and UL grant to UL data delay.
Proposal: Specify the same reduced delay for both CSI reporting delay and UL grant to UL data delay for 1ms TTI operation
3 Conclusion

Based on the discussion in section 2 we propose the following:
· Specify a reduced CSI reporting delay with 1ms TTI operation

· Specify the same reduced delay for both CSI reporting delay and UL grant to UL data delay for 1ms TTI operation
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5 Annex
5.1 Simulation assumptions

	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenario
	3D UMa 500m ISD

	Antenna Configurations
	8x1 with 8x1 virt., (100° tilt) (2TX)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 and 1 ms

	CSI delay 
	3 and 6 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	43 dBm (UMa)

	Traffic model
	FTP Model 1, 1MB packet size, 

TCP is not modelled

	UE speed 
	30 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead not accounted for.  

Channel estimation error modeled.

	Codebook
	Rel-8 2TX Codebook

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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