3GPP TSG RAN WG1 Meeting #88                                              
R1-1702739
Athens, Greece 13th - 17th February 2017

Agenda Item: 8.1.3.2.1
Source: MediaTek Inc.

Title: 
Discussion on structure of PUCCH in short duration
Document for: Discussion
1 Introduction
In 3GPP RAN1 NR Ad-Hoc @ 2017 Jan [1], the following agreements regarding to structure of PUCCH were made : 
Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
At least one structure of short PUCCH is determined. However, there are still some additional structures of short PUCCH discussed. This contribution analyzes these alternatives.
2 Additional channel structure of short PUCCH
During 3GPP RAN1 NR Ad-Hoc @ 2017 Jan, in addition to the agreed OFDM structure, three different kinds of channel structures were raised and discussed for short PUCCH, as shown in Figure 1.

Alt. 1 : Seq-based solution (without RS) for 1 or 2 bits UCI
Alt. 2 : Multi-symbol by symbol splitting (Ex: two symbol with first RS and second UCI by DFT-S-OFDM)
Alt. 3 : DFT-S-OFDM with RS/UCI multiplexed before DFT spreading
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Figure 1. Three different kinds of channel structures for short PUCCH, in addition to agreed OFDM structure
Table 1 summarizes the pros and cons among these three different channel structures. Items marked in blue highlight the pros for each aspect. These design considerations are discussed in the following :
Table 1. Comparison among three different channel structures of short PUCCH
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1. Regarding to “Larger UCI payload size” : Alt. 1 is not applicable. For seq-based solution, 2n sequences are required, where “n” is the UCI size. It is not practical if “n” is large. Both Alt. 2 and Alt. 3 are applicable.
2. Regarding to “Small UCI payload size” : 

· Encoding : For Alt. 1 (seq-based solution), information is represented by presence of different sequences. Sequence detection is quite simple as long as number of sequence is small. Regarding to Alt. 2 and Alt. 3, channel coding or repetition shall be applied.
· PRB sharing among UEs : When only few bits are transmitted, PRB sharing among UEs is important, for example, one-bit SR or one/two-bit ACK. Without sharing, it is significant waste of resource from system’s point of view. 

· Alt. 1 : CDM may be applied by its nature since typically a group of sequences are generated with low CM and low cross-correlation property for seq-based solution. Sequence S1 may be assigned to UE1, and sequence S2 may be assigned to UE2. Therefore UE multiplexing is easily achieved by CDM for Alt. 1. Taking one-bit UCI as example, the PRB sharing efficiency is 1.0 since there are 12 REs per PRB and 12 orthogonal sequences can be scheduled.

· Alt. 3 : to achieve UE multiplexing, additional mechanism shall be introduced. CDM is typically a good choice. If additional CDM is adopted, the generating/decoding complexity is no simpler compared to Alt. 1. Furthermore, number of multiplexed UE is limited by number of data (UCI) REs or number of RS REs, which means the max allowable multiplexed number of UE is 6 per PRB, corresponding to PRB sharing efficiency = 0.5.

· Alt. 2 : similar to Alt. 3, CDM is a typical choice, and the generating/decoding complexity is no simpler compared to Alt. 1. The number of multiplexed UE could be 12 per PRB since there are 12 REs for the second symbol after symbol splitting. However, since bandwidth is doubled due to doubled subcarrier spacing (SCS), the PRB sharing efficiency is still 0.5, taking PRB without doubled SCS as reference.
Observation #1: Considering PRB sharing among UEs, Alt. 1 is the simplest and has good multiplexing efficiency in case of UCI with small payload size.
3. Occupied bandwidth : For simplicity, one PRB in freq domain is used as example for discussion. For Alt. 2, since SCS is doubled, the occupied bandwidth per PRB is doubled compared to that of Alt. 1 or Alt. 3.
Observation #2: Alt. 2 takes doubled occupied bandwidth compared to Alt. 1 and Alt. 3
4. Concerns : 

· Alt. 1 : Alt. 1 (seq-based solution) is only applicable to small UCI payload, this is kind of optimization for small UCI payload. One may wonder this is only optimization feature. However, taking SR as example, SR is important and a dedicated system overhead. If SRs of different UEs can be efficiently multiplexed, the system overhead can be reduced. On the other hand, if overall SR overhead is kept the same, denser SR can be assigned for UE to reduce latency. To sum up, the efficient multiplexing reduces system overhead or reduces latency, which makes Alt. 1 attractive.
Observation #3: When seq-based solution is applied for SR, the efficient multiplexing can reduce system overhead or reduce latency
· Alt. 2 : Since SCS changes, it introduces mutual inter-carrier interference to neighboring PRB, which degrades reception performance. In addition, since CP length is also reduced to half, additional inter-symbol interference degrades reception performance. Besides, one may wonder if it is practical to double SCS further in case data SCS is 480kHz. Moreover, how to multiplex PUSCH with short PUCCH with doubled SCS is still an open issue.
Observation #4: There are still many open issues for Alt. 2.
· Alt. 3 : Since RS and UCI are multiplexed before DFT, the channel estimation and equalization are quite different to that for OFDM system, which are similar to those for single carrier system. OFDM system is attractive due to its simple channel estimation and one-tap equalization compared to complicated equalizer for single carrier system. It was already agreed that short PUCCH at least to support OFDM structure and long PUCCH at least to support DFT-S-OFDM structure. It makes the system even more complicated to support such different structure (equalizer of single-carrier system). Its low PAPR property is to address coverage concern of short PUCCH. However, coverage is never an aspect short PUCCH needs to address. Furthermore, two-symbol structure of short PUCCH has been supported in NR to extend coverage. Hence, there is no strong motivation to support Alt. 3. 
Observation #5: To support Alt. 3, a total different receiver algorithm is required and is quite complicated
From the above analysis and observations, there is no strong motivation to support Alt. 2 and Alt. 3. However, regarding to Alt. 1, it takes quite limited effort to support Alt. 1 (seq-based solution), and it provides greatly efficient multiplexing of SR. As shown in Table 2, if NR does not support PRB sharing for short PUCCH, the multiplexing efficiency is very small, i.e. “one UE per PRB”. If additional CDM is introduced in OFDM structure for PRB sharing, the multiplexing efficiency can increase to “six UEs per PRB”. However, it is still much smaller than “twelve UEs per PRB”, which is induced by seq-based solution. The efficient multiplexing reduces system overhead or reduces latency, which makes Alt. 1 attractive. Therefore, it is proposed :
Proposal #1: Seq-based design shall be supported at least for SR.

Table 2. Comparison of multiplexing efficiency
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3 Conclusion
Three different channel structures for short PUCCH are analysed. Some observations are provided : 
Observation #1: Considering PRB sharing among UEs, Alt. 1 is the simplest and has good multiplexing efficiency in case of UCI with small payload size.
Observation #2: Alt. 2 takes doubled occupied bandwidth compared to Alt. 1 and Alt. 3

Observation #3: When seq-based solution is applied for SR, the efficient multiplexing can reduce system overhead or reduce latency
Observation #4: There are still many open issues for Alt. 2.
Observation #5: To support Alt. 3, a total different receiver algorithm is required and is quite complicated
After analysis, since it takes quite limited effort to support seq-based solution, and it provides great efficient multiplexing of SR. The efficient multiplexing reduces system overhead or reduces latency. Therefore it is proposed :

Proposal #1: Seq-based design shall be supported at least for SR.
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