
[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 Meeting #85	R1-164867
Nanjing, China, May 23-27, 2016

Agenda Item:	6.2.10.1
Source:	Huawei, HiSilicon
Title:	CQI feedback overhead reduction in short TTI
Document for:	Discussion and decision

Introduction
[bookmark: _Ref129681832]In the RAN#67 meeting, the Study Item on “Study on Latency reduction techniques for LTE” was approved [1]. The objective of this study item is: 
Study enhancements to the E-UTRAN radio system in order to: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
It is observed in [2] that UPT gain of both short CSI measurement interval and short CSI reporting period is significant and larger than that of short CSI measurement interval and long CSI reporting period. While in [3], four sources evaluated the usage of shortened TTI for obtaining faster update of CSI measurements. Therefore it is reasonable to consider that the CQI report overhead for short TTI transmission may be higher than legacy TTI transmission if 5 short TTI CSI reporting period is applied. As such, a new CQI report schemes to reduced overhead may be considered. In this contribution, considering that the dynamic range of the wireless channel state may not be so large within multiple CSI reporting intervals in case of short TTI，we will discuss a two-tier CQI report scheme which can reduce CQI reporting overhead while maintaining similar throughput performance.
Discussion on Two-tier CQI report Scheme
Motivation
In [4], table 7.2.3.1 and 7.2.3.2 show that the CQI index is reported by 4 bits with the efficiency from 0 to 5.55 or 7.406. There are 16 CQI index in total. However, the CQI of the channels may not fluctuate among the whole CQI table in a short reporting period. By contrast, it may fluctuate no more than several CQI indices, e.g. 8 CQI indices, which provide potential possibility to reduce the length of the CQI index feedback. 
The principle of two-tier CQI report
As we know, the legacy CQI index needs to cover a wide efficiency range. However, in a short period of time, the channel quality fluctuates in a much less range. Instead of reporting absolution CQI value each time, the CQI can be reported in two tiers. In the first tier, the UE reports an average CQI, which is the average value of a number of CQIs reported before the report time. This average CQI only needs to be reported in a very low frequency. And then in the second tier, the UE measures the channel quality and reports the difference between the instantaneous CQI and the average CQI. Mathematically, it may be represented as:

,



Where  represents the average CQI reported in the first tier while represents the difference between the instantaneous CQI and the long-term average. 



The, which represents the average receive SNR can use Table 7.2.3.1 and 7.2.3.2 in [4]. While, in the second tier, the  representing difference between the UE measured instantaneous CQI and the  can use Table 7.2-2 in [4].
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Figure 1(a): The One Tier CQI report scheme.
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Figure 1(b): The Two Tier CQI report scheme.
Note that the 4 bit absolute CQI report scheme as shown in Fig. 1(a) is termed as One Tier CQI report scheme.

Table 1: The table 7.2-2 in [4]. Mapping differential value to offset level
	Differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	3

	4
	-4

	5
	-3

	6
	-2

	7
	-1


It was agreed in [5] that multi-stream should be supported in short TTI design. In the case of multi-stream, we do not change the current report scheme of the n th stream, where n>1.
Performance Results
In the current system, the CQI report period may be 5TTI. Therefore we set the simulation parameter CQI report period as 5TTI both for One Tier scheme and for the second tier in Two Tier scheme. In the proposed method, the control overhead is 4bit/200TTI for the first tier and 3bit/5TTI for the second tier, while the one tier scheme control overhead is 4bit/5TTI. Thus, the CQI overhead of Two Tier scheme is 77.5% of the One Tier scheme.

Figure 2: The overhead of the two schemes.
Observation 1: The two-tier CQI report scheme is capable of reducing 22.5% control overhead compared with one-tier CQI report scheme in sTTI.

Then we are wondering whether the new scheme deteriorates the throughput performances. Based on the current standard and two tier scheme, the simulation parameters [5] in table 1 of appendix and results are shown as below. The number of antenna is 2X2 and we only consider one stream. We also considered the UE speed from 3Kmh to 120Kmh and considered the sTTI=2, 3(4) and 7 symbols. It is observed that the performances of Two Tier scheme of both the cell frequency efficiency and edge 5% UE frequency efficiency are as similar as the performances of One Tier scheme. Note that the simulation is based on full buffer traffic model. 
	
	TTI=2symbol
	TTI=3(4)symbol
	TTI=7symbol

	Speed/Kmh
	Two Tier
	Legacy
	Difference
	Two Tier
	Legacy
	Difference
	Two Tier
	Legacy
	Difference

	3
	1.478
	1.478
	0.0%
	1.470
	1.469
	0.1%
	1.455
	1.452 
	0.2%

	60
	1.384
	1.387
	-0.2%
	1.244
	1.251
	-0.6%
	1.188
	:1.193
	-0.4%

	120
	1.285
	1.289
	-0.3%
	1.197
	1.200
	-0.3%
	1.153
	1.160
	-0.6%


Table 2-1: Performance Results of Cell frequency efficiency (b/s/Hz) 
	
	TTI=2symbol
	TTI=3(4)symbol
	TTI=7symbol

	Speed/Kmh
	Two Tier
	Legacy
	Difference
	Two Tier
	Legacy
	Difference
	Two Tier
	Legacy
	Difference

	3
	0.0370
	0.0377
	-1.84%
	0.0368
	0.0377
	-2.4%
	0.0388
	0.0397
	-2.3%

	60
	0.0356
	0.0353
	0.85%
	0.0333
	0.0316
	5.3%
	0.0307
	0.0303
	1.3%

	120
	0.0343
	0.0333
	3%
	0.0318
	0.0306
	3.9%
	0.0305
	0.0298
	2.3%



Table 2-2: Performance Results of Edge 5% UE frequency efficiency (b/s/Hz) 
Based on the simulation results, we observed that the two-tier CQI report scheme had the similar performance as the One Tier scheme.
Observation 2: The two-tier CQI report scheme has the similar performance as the One Tier scheme.
Based on the above discussion and observations, we have the following proposal.
Proposal 1: The two-tier CQI report scheme can be further studied in the case of sTTI. 
Conclusion
In this paper, we discuss the CQI report scheme, based on figure 2. 
We observe that:
Observation 1: The two-tier CQI report scheme is capable of reducing 22.5% control overhead compared with one-tier CQI report scheme in sTTI.
Observation 2: The two-tier CQI report scheme has the similar performance as the One Tier scheme.
[bookmark: _GoBack]Based on the above observations, we have the following proposal:
Proposal 1: The two-tier CQI report scheme can be further studied in the case of sTTI. 
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 Appendix
Table 1: Simulation Parameters

	Parameter 
	Assumptions 

	Layout 
	19 Macro eNBs can be used, 3 sectors per site;

	System bandwidth per carrier 
	10MHz

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	2/3(4)/7 symbols

	Scheduler 
	Proportional fairness 

	Distance-dependent path loss 
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE 

	Penetration 
	For outdoor UEs:0dB 

	
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link) 

	Shadowing 
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance 

	Antenna pattern 
	3D, referring to TR36.819 

	Antenna Height: 
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa according to Table A.1-1 of 36.819 

	Antenna configuration 
	2Tx(eNB), Cross-polarized 
2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. 

	Traffic model 
	Full Buffer

	CSI report period 
	The period of the first tier is 40 times of the period of the second tier.

	
	The period of the second tier: 5TTI
Note: Companies should provide details of CSI measurement

	CSI report delay 
	6 TTIs and milliseconds 

	UE receiver
	MMSE-IRC; other UE receiver provided by companies 

	UE noise figure
	9dB

	UE speed
	3km/h, 60km/h, 120km/h 

	Duplex mode 
	FDD

	Network synchronization
	Synchronized




Table 7.2.3.1 and 7.2.3.2 from [4]
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efficiency CQI index modulationcode rate x
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0 0

1 QPSK 78 0.1523 1 QPSK 78 0.1523

2 QPSK 120 0.2344 2 QPSK 193 0.377

3 QPSK 193 0.377 3 QPSK 449 0.877

4 QPSK 308 0.6016 4 16QAM 378 1.4766

5 QPSK 449 0.877 5 16QAM 490 1.9141

6 QPSK 602 1.1758 6 16QAM 616 2.4063

7 16QAM 378 1.4766 7 64QAM 466 2.7305

8 16QAM 490 1.9141 8 64QAM 567 3.3223

9 16QAM 616 2.4063 9 64QAM 666 3.9023

10 64QAM 466 2.7305 10 64QAM 772 4.5234

11 64QAM 567 3.3223 11 64QAM 873 5.1152

12 64QAM 666 3.9023 12 256QAM 711 5.5547

13 64QAM 772 4.5234 13 256QAM 797 6.2266

14 64QAM 873 5.1152 14 256QAM 885 6.9141

15 64QAM 948 5.5547 15 256QAM 948 7.4063
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		CQI index		modulation		code rate x 1024		efficiency		CQI index		modulation		code rate x 1024		efficiency

		0		out of range						0		out of range

		1		QPSK		78		0.1523		1		QPSK 		78		0.1523

		2		QPSK		120		0.2344		2		QPSK 		193		0.377

		3		QPSK		193		0.377		3		QPSK 		449		0.877

		4		QPSK		308		0.6016		4		16QAM 		378		1.4766

		5		QPSK		449		0.877		5		16QAM 		490		1.9141

		6		QPSK		602		1.1758		6		16QAM 		616		2.4063

		7		16QAM		378		1.4766		7		64QAM 		466		2.7305

		8		16QAM		490		1.9141		8		64QAM 		567		3.3223

		9		16QAM		616		2.4063		9		64QAM 		666		3.9023

		10		64QAM		466		2.7305		10		64QAM 		772		4.5234

		11		64QAM		567		3.3223		11		64QAM 		873		5.1152

		12		64QAM		666		3.9023		12		256QAM 		711		5.5547

		13		64QAM		772		4.5234		13		256QAM 		797		6.2266

		14		64QAM		873		5.1152		14		256QAM 		885		6.9141

		15		64QAM		948		5.5547		15		256QAM 		948		7.4063
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