3GPP TSG RAN WG1 Meeting #84b                                                                                    R1-162739
Busan, Korea, 11th - 15th April 2016
Agenda Item:
7.3.10.2
Source:
Lenovo
Title:
Design of UL channels for shortened TTI
Document for:
Discussion and decision
1 Introduction 
In RAN#67, the study item on “Study on Latency reduction techniques for LTE” was approved [1] . The following areas are to be studied in 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).
In this contribution, we discuss the design of UL channels including sPUSCH and sPUCCH for shortened TTI.
2 Design of sPUSCH
There are multiple shortened TTI lengths under consideration and study for sPUSCH transmission. If the single carrier property is preserved, then the 1-symbol length sPUSCH cannot be supported since there should be at least one data symbol and one DMRS symbol in an sPUSCH. Other sTTI lengths like 2, 4 and 7 symbols can be supported for sPUSCH transmission. One example of sPUSCH with different sTTI lengths is shown in Figure 1. Therefore, we propose that:
Proposal 1: The single carrier property is preserved for sPUSCH and 1-symbol length sPUSCH is not supported.
For the slot based sPUSCH, it can reuse the DMRS in the slot directly. For the 4-symbol length sPUSCH, two sPUSCHs in the same slot can share the DMRS in the slot, and the DMRS of the two sPUSCHs can be distinguished by different cyclic shifts. Therefore, overall overhead of DMRS for sPUSCH with 7 or 4 symbol length can be maintained at the same level as that of legacy PUSCH. For the 2-symbol length sPUSCH, the overhead of DMRS will increase to 50% if each sTTI in 1ms is scheduled to a different UE. Such a large DMRS overhead may largely offset of the gain brought by reduced latency and hence is barely acceptable. It is therefore necessary to consider multi-sTTI scheduling for sPUSCH. Multi-sTTI scheduling for sPUSCH has two benefits. The first is that the DMRS overhead can be reduced since DMRS is no longer necessarily to be present in each of the scheduled sTTIs. The second benefit is that the UE is aware that DMRS for itself may be present in more than one sTTI among the multiple sTTI. Hence the UE is free to perform joint channel estimation using the multiple DMRS in the multiple sTTI. This further increases the channel estimation accuracy. There are two schemes to transmit sPUSCH in the multiple sTTI scheduled by a single sPDCCH, i.e. separate TB in each of the multiple sTTIs or a joint TB across all the multiple sTTIs. The tradeoff analysis between the separate and joint TB is similar to the analysis on sPDSCH multi-sTTI scheduling in [2]. Based on the analysis, we propose that: 
Proposal 2: Multi-sTTI scheduling is supported for sPUSCH. Further study whether separate sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs. 
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3 Design of sPUCCH
Similar to sPUSCH, different shortened TTI lengths should be considered for sPUCCH transmission with the assumption that single carrier property is maintained. Unlike sPUSCH, 1-symbol length sPUCCH can be designed since the cyclic shifts of the DMRS can be used to carry a small number of information bits. However, it should be noted that 1-symbol length sPUCCH is not sufficient to support HARQ-ACK feedback if carrier aggregation and shortened TTI is used in combination, since the amount of HARQ-ACK bits is large when CA is configured. Other sTTI lengths like 2, 4 and 7 symbols can also be supported for sPUCCH transmission. Examples of sPUCCH for different symbol lengths with and without frequency hopping are shown in Figures 2, 3 and 4 respectively. The 7-symbol length sPUCCH can reuse the structure of legacy PUCCH in a slot as shown in Figure 4a. Figure 3a show an example of two sPUCCHs with 4-symbol length in the same slot sharing the DMRS in the middle of the slot by using different cyclic shift, similar to the 4-symbol sPUSCH. For the 2-symbol length sPUCCH, one symbol is used to carry UCI and the other symbol is used to transmit DMRS, as shown in Figure 2.
The legacy PUCCH was designed with slot based frequency hopping. Frequency hopping can significantly improve the performance of PUCCH and hence should be considered for sPUCCH as well. Given that the coverage of sPUCCH is expected to be smaller than legacy PUCCH due to its reduced transmission duration, frequency hopping is even more important for sPUCCH. For the 4-symbol and 7-symbol length sPUCCH, frequency hopping can be performed by splitting the 4 SC-FDMA symbols and 7 SC-FDMA symbols into two parts as shown in Figure 3b and Figure 4b respectively. While for the 2-symbol length sPUCCH as shown in Figure 2, it is difficult to apply frequency hopping because it needs a DMRS symbol for demodulation. However, if a sequence-based structure of sPUCCH [3] where a small amount of UCI is conveyed by the cyclic shift of the sequence, frequency hopping can be performed for the 2-symbol length sTII. However, the sequence based sPUCCH design cannot support the transmission of a large number of UCI bits. Therefore, considering the coverage issue of sPUCCH, we propose that:

Proposal 3:Frequency hopping should be supported for sPUCCH.
Proposal 4: Prioritize sPUCCH design more sTTI durations larger than 2 SC-FDMA symbols.
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In legacy system, PUCCH can be used to carry periodic CSI in addition to HARQ-ACK and SR. One aspect to discuss is whether it is necessary to allow periodic CSI transmission using sPUCCH. Given that the channel doesn’t change fast in the scenario with low or middle speed, the existing CSI feedback mechanism may obtain good performance for link adaption. Therefore, periodic CSI feedback for UEs configured with sTTI can still be transmitted on the legacy PUCCH, which reduces the amount of required sPUCCH resources for shortened TTI UEs and simplifies the sPUCCH design. Furthermore, aperiodic CSI on sPUSCH can be supported if a fast CSI feedback is required. For HARQ-ACK and SR transmission, it is beneficial for latency reduction by using sPUCCH due to faster feedback. Hence, we propose that:

Proposal 5:  It is supported to transmit different UCIs using different length TTIs.
4 Conclusions
In this contribution, we discuss the design of UL channel for shortened TTI and the following proposals are provided: 
Proposal 1: The single carrier property is preserved for sPUSCH and 1-symbol length sPUSCH is not supported.
Proposal 2: Multi-sTTI scheduling is supported for sPUSCH. Further study whether separate sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs. 
Proposal 3:Frequency hopping should be supported for sPUCCH.
Proposal 4: Prioritize sPUCCH design more sTTI durations larger than 2 SC-FDMA symbols.
Proposal 5:  It is supported to transmit different UCIs using different length TTIs.
References

[1] RP-150465, “Study on Latency reduction techniques for LTE,” RAN#67, Mar. 2015.
[2] R1-162738, “Design of DL channels for shortened TTI,” Lenovo.
[3] R1-160654, “Discussion on PUCCH design for latency reduction,” LG Electronics.

























































s-TTI 





s-TTI 





s-TTI 











s-TTI 





s-TTI 





Figure 4a: example of 7-symbol length 


sPUCCH without frequency hopping





Figure 3b: example of 4-symbol length sPUCCH with frequency hopping 
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Figure 4b: example of 7-symbol length 
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Figure 1c: example of 2-symbol length sPUSCH





Figure 1b: example of 4-symbol length sPUSCH





Figure 3a: example of 4-symbol length sPUCCH without frequency hopping





Figure 1a: example of 7-symbol length sPUSCH
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Figure 2: example of 2-symbol length sPUCCH without hopping
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