[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]3GPP TSG-RAN WG1 Meeting #90bis	R1-1717159
Prague, Czech Republic, 9th – 13th October 2017

Agenda Item:	6.2.1.1.4
Source:	Ericsson
[bookmark: _GoBack]Title:	Removing UL channel interleaver for 1 ms TTI
Document for:	Discussion, Decision

Introduction
[bookmark: _Ref178064866] 
In the WI on Short TTI and reduced processing [1], reduced processing time for 1ms TTI should be specified. 
Since asynchronous HARQ operation has been agreed for 1 ms operation with reduced processing time (RAN1#86), see below, there is no requirement in the specification relating to eNB processing.
Still it is of interest to reduce the processing to the extent possible. One means of doing so is by removing the channel interleaver, which is discussed in this paper.
 
	Agreement:
· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation


 
This contribution is a resubmission of R1-1712888.
Discussion 
The UL channel interleaver is used to spread the coded information bits in the time and frequency domain, and thereby, increase the robustness of UL data transmission to varying channel conditions, such as deep fades while the user is mobile, or bursty interference. 
One drawback of spreading out the coded information in time is that this prevents UE and eNB to do on‑the‑fly transmission/reception of the UL transport block. That is, it is only after the full block has been encoded/received that the transmitter/receiver can construct the signal to transmit / decode the block.
The potential reduction in processing time is also dependent on the processing required prior to starting decoding, such as channel estimation and demodulation. Specifically, the channel estimation implementation will have an impact on the processing benefits. The UL structure for PUSCH is shown in Figure 1.
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[bookmark: _Ref477798929]Figure 1: UL 1 ms TTI subframe structure
If the channel estimation is for example performed jointly over the two DMRS symbols so that the demodulation cannot start until after symbol index 10, the reduction in processing is diminished compared to starting it after the first DMRS symbol in symbol index 3.
[bookmark: _Toc481753868]Observation 1: Removing the interleaving in UL could facilitate reduction in processing time.

Performance impact
The performance impact of removing the channel interleaver has been evaluated in a sensitivity limited scenario.

Sensitivity limited scenario
Figure 2 shows the BLER performance for UL data transmission with and without channel interleaver, under EVA Low channel model with speed of 120 km/h. Three different MCS are considered, with MCS_idx = 3, 14, and 21 corresponding to QPSK R=1/3, 16QAM R=3/4 and 64QAM R=5/6 respectively. We see that for high mobility scenarios and with low MCS, turning off channel interleaver will not affect the BLER performance. For high MCS cases, turning off channel interleaver will lead to around 0.6 dB SNR loss at the 10% BLER target. Therefore, in most cases, in a sensitivity limited scenario it is ok to remove the channel interleaver to further reduce the processing time in both eNB and UE.
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[bookmark: _Ref477798952]Figure 2: PUSCH performance with and without the interleaver
The above simulation results are encouraging, but it should be noted that they are only carried out in a sensitivity limited scenario. The high mobility simulated will cause variations in the wanted signal which is also seen to have a performance impact. However, interference not fully overlapping with the wanted signal, and/or coming from different UEs, would have an impact to the experienced variations in the SINR, which can exceed the variations seen in a high mobility scenario. The possible impact from this should also be quantified before deciding on removing the UL channel interleaver. 
[bookmark: _Toc481753869]Observation 2: Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver in a sensitivity limited scenario 
Interference limited scenario
When the SINR is dominated by the interference component, it is of interest to model the interference pattern in terms of how much of overlap is present between the victim and the interfering user. Given that users in different cell may interfere with each other asynchronously, the impact of subframe offset between two users should be investigated. Moreover, the two users could potentially be using two different TTI length (1ms and 2os sTTI, for example) and modulation, in which case even in a synchronous network the interference would be bursty in nature. 
To investigate the impact on interference a simple model has been taken where interference is modelled as a white noise component added in addition to the thermal noise in the receiver. The additional noise component is only applied on parts of the receiver subframe and hence will be experienced by the receiver as a variation in spectral density of the noise over time.
The scenarios investigated are summarized in Table 1.
[bookmark: _Ref477798886]Table 1: simulation scenarios
	Interference to noise ratio
	3, 9 or 15 dB

	Victim UE modulation
	QPSK, 16QAM, 64QAM

	Code rate
	QPSK:1/3, 
16QAM:3/4, 
64QAM:5/6

	Interference duration (subframe overlap*)
	1, 2 or 7 symbols

	* Always applied from the start of the subframe



Analyzing the results in Figure 3, one can see the performance loss is negligible for low MCS (QPSK 1/3) when turning off channel interleaver for PUSCH, considering the burst interference scenarios. However, there can be quite substantial performance loss for the medium MCS (16QAM 3/4) and high MCS (64QAM 5/6) cases, depending on the interference to noise ratio. The performance loss increases when the interference level (I/N) and/or the interference duration increase.  
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[bookmark: _Ref477798849]Figure 3: Simulation results. Each bar represents the performance degradation in dB due to the removal of the interleaver for a given interference level, modulation scheme and TTI length.
The following observations can be made:
[bookmark: _Toc481753870]Observation 3: In a burst interference scenario, the performance degradation is negligible when removing the UL interleaver for PUSCH with low MCS
[bookmark: _Toc481753871]Observation 4: In a burst interference scenario, removing uplink channel interleaver can result in a large BLER performance degradation for PUSCH with medium and high MCS
[bookmark: _Toc481753872]Observation 5: Degradations for removal of the interleaver are noticeable for a combination of higher interference level (9dB and above) and high MCS (16QAM and 64QAM)

It is worth noting that the interleaver removal has little to no impact unless the MCS of the victim UE is high and the interferer has a large power advantage. This scenario is not very likely, as a UE with high MCS would be close to the eNodeB, while a UE with a high power interferer is most likely close to the cell boundary. 
Proposal 1: Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing
  
    
Conclusion
In section 2 we made the following observations:
Observation 1: Removing the interleaving in UL could facilitate reduction in processing time.
Observation 2: Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver in a sensitivity limited scenario
Observation 3: In a burst interference scenario, the performance degradation is negligible when removing the UL interleaver for PUSCH with low MCS
Observation 4: In a burst interference scenario, removing uplink channel interleaver can result in a large BLER performance degradation for PUSCH with medium and high MCS
Observation 5: Degradations for removal of the interleaver are noticeable for a combination of higher interference level (9dB and above) and high MCS (16QAM and 64QAM)

Based on the discussion in section 2 we propose the following:
Proposal 1    Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing
 
 
[bookmark: _In-sequence_SDU_delivery]References
RP-170113, New Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#75, March 2017.
TR 36.881    Study on latency reduction techniques for LTE. 
image2.png
10

e NGs 6=, mtenvaren
I OsR—
100E o esas . maremeron
o e
o MES g 21 mreneren
| NCs e 21 imeneae ot

10°

0 B o

5 10 s 2
SNR16B]




image3.png
ORNWAUON®O

los

QPSK

20s 7os
m3dB m9dB m15dB




image4.png
ORNWAMUON®O

16gam

20s 7o0s
m3dB m9dB m15dB




image5.png
ORNWAULON®®O

64gam

20s 7o0s
m3dB m9dB m15dB




image1.png
[oIo[o[R[o[o[5| o[BI R[0T D]

| ot border
[R] Reference symbol
[D] Data symbol




