[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #84bis 	R1-162845
Busan, Korea, 11th - 15th April 2016

[bookmark: _Ref133120545]Source:	Sharp
Title:	Link level evaluation results of shortened TTI for PUCCH 
Agenda Item:	7.3.10.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In the RAN1#84 meeting, the following agreements were made on the latency reduction study item [1].
	Agreements:
· According to the SID, the following aspect should be studied in RAN1
· From RAN1#83: TTI shortening and reduced processing times [RAN1]:
· 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); RAN1 should perform evaluations in order to understand the feasibility and performance of TTI shortening 


In this contribution, we show the evaluation results of PUCCH transmission.
Discussions
Evaluation of sPUCCH
[bookmark: OLE_LINK1]Figure 1 shows examples of basic sPUCCH design in which DM-RS and ACK/NACK bit are multiplexed in the time domain to avoid the increase of PAPR/CM. For slot TTI in Figure 1 (a), legacy PUCCH structure can be reused. In the case of 4-symbol TTI, one example of sPUCCH structure includes 2 data symbols and 2 DM-RS symbols as shown in Figure 1 (b). In the case of 2-symbol TTI for sPUCCH, one example of sPUCCH structure includes 1 data symbol and 1 DM-RS symbol as shown in Figure 1 (c). 
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	Figure 1 sPUCCH structure



In our evaluation, receiver executes ML detection for the modulation symbols. For DTX detection, we use DTX threshold set to satisfy DTX-to-ACK error probability is less than 1% [3]. Evaluation assumptions for sPUCCH are based on the agreed assumptions [2], and the assumptions are listed in Annex.
Figure 2 shows the ACK/NACK error probability. Figure 2 (a) and Figure 2 (b) represent ACK miss detection probability and NACK-to-ACK error probability, respectively. As shown in these figures, we can observe sPUCCH causes significant degradation of BLER performance compared to the legacy PUCCH. As TTI length gets shorter, the BLER becomes worse. There are two reasons, one is lack of frequency hopping gains, and the other is lower coding gains due to less available REs.
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(a) ACK miss detection probability
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(b) NACK-to-ACK error probability

	Figure 2. Error probability w/o intra-TTI hopping



Table 1 shows the required SNR to satisfy ACK miss detection probability <= 1%, NACK-to-ACK error probability <= 0.1%, and DTX-to-ACK error probability <= 1% using the format agreed in [4]
Table 1. The required SNR w/o intra-TTI hopping
	sTTI length
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols 
(w/ slot hopping)

	
	5.88 dB
	
	2.92 dB
	0.14 dB
	-5.46 dB



Observation 1:
· [bookmark: _Hlk447198952]Basic sPUCCH causes significant degradation of BLER performance compared to the legacy PUCCH, because of:
· lack of frequency hopping gains;
· lower coding gains due to less available REs.
sPUCCH design
Based on the above observation, frequency hopping can be considered to improve the BLER performance on sPUCCH transmissions. Figure 3 shows examples of sPUCCH design which bring frequency hopping gains. For the slot TTI, one sPUCCH PRB is divided into two parts, one consists of the first 4 SC-FDMA symbols as shown in Figure 3(a), the other consists the remaining symbols. The former part includes 2 SC-FDMA symbols for DMRS transmission, and the latter part has 1 DMRS symbol. For the 4-symbol TTI, there are also two parts each of which contains 1 SC-FDMA symbol for DMRS transmission as shown in Figure 3(b). It is assumed that, for the demodulation, UE uses only the DMRS symbols which are included in the same part of the sTTI. 
	[image: ] 

	Figure 3 sPUCCH design with frequency hopping



Figure 2 shows the ACK/NACK error probability. Figure 2 (a) and Figure 2 (b) represent ACK miss detection probability and NACK-to-ACK error probability, respectively. 
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(a) ACK miss detection probability
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(b) NACK-to-ACK error probability

	Figure 4. Error probability w/ intra-TTI hopping



Table 2 shows the ACK/NACK error probability of sPUCCHs with and without intra-TTI hopping. It is observed intra-TTI hopping brings 3.11 dB gain in 4-symbol TTI case and 2.46 dB gain in slot TTI case. Especially for sPUCCH transmission, quite a few UEs may use only one transmission antenna port. To obtain sufficient diversity gains on sPUCCH transmission, therefore, intra-TTI hopping is a key feature.
Table 2. The required SNR comparison between w/ and w/o intra-TTI hopping
	sTTI length
	4 symbols
	7 symbols

	
	w/o hopping
	w/ hopping
	w/o hopping
	w/ hopping

	
	2.92 dB
	0.19 dB
	0.14 dB
	-2.32 dB



Table 3. The required SNR w/ intra-TTI hopping
	sTTI length
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	0.19 dB
	-2.32 dB
	-5.46 dB



Observation 2:
· Intra-TTI hopping is beneficial from the coverage point of view.
[bookmark: _GoBack]Regarding the TTI length, since the number of data symbols are proportionally decreased in case one PRB, the error probability performances are worse. Therefore, in addition to considering the intra-TTI hopping, it should also be studied to adopt a feature that compensates the lower coding gains due to less available REs. A straightforward solution could be to use more than one PRB for a single sPUCCH transmission so that the number of available REs for the sPUCCH increases.
Observation 3:
· Use of more than one PRB for a sPUCCH transmission maintains the required amount of available REs.
Based on the above observations, we make the following proposals.
Proposals:
· Intra-TTI hopping should be considered for sPUCCH design.RAN1 should study multiple PRBs allocation for a single sPUCCH transmission.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· Basic sPUCCH causes significant degradation of BLER performance compared to the legacy PUCCH, because of:
· lack of frequency hopping gains;
· lower coding gains due to less available REs.
Observation 2:
· Intra-TTI hopping is beneficial from the coverage point of view.
Observation 3:
· Use of more than one PRB for a sPUCCH transmission maintains the required amount of available REs.
Proposals:
· Intra-TTI hopping should be considered for sPUCCH design.
· RAN1 should study multiple PRBs allocation for a single sPUCCH transmission.
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Annex
Evaluation assumptions
Table 4: Evaluation assumption
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probability (0.1%);  DTX-to-ACK probability 1%
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