
3GPP TSG RAN WG1 meeting #88bis
R1-1704624
Spokane, Washington, USA 3rd- 7th April 2017
Source:
Guangdong OPPO Mobile Telecom
Title:
Design of NR PUCCH with long duration 
Agenda Item:
8.1.3.2.2
Document for:
Discussion and Decision

1. Introduction

In LTE, PUCCH is transmitted in PRBs around the edges of the system bandwidth. It is used to carry uplink control information (UCI) such as Ack/Nack for downlink PDSCH transmission and channel state information (CSI) feedback from the UE. The main design criteria is robustness,  capacity as well as coverage.  In 5G NR, some new requirements and challenges emerge, one of them is the coverage especially at higher frequency when path loss of shorter wavelengths could be more severe, the other one is the low latency for some applications like URLLC.  To accommodate these requirements, two types of PUCCH are defined, one is called PUCCH with long duration. The design target of this type of PUCCH is mainly for coverage and it has longer duration in time span with more symbols. The other is called PUCCH with short duration, which will be transmitted in the last  couple of symbols of a lot to achieve quick Ack/Nack feedback and reduce overall turnaround time for low latency applications.  As the design targets are different along with different amount of resources used, the designs for these two types of PUCCH could differ. 
Transmit diversity is a very mature techniques that has been used in 4G LTE and could also see its benefits for 5G NR. It is especially useful for control channel for improved coverage and robust performance because unlike data channel, control channel does not have re-transmission mechanism to correct/improve its original transmission. For 5G NR, due to the introduction of higher frequency, the larger path loss could deteriorate the cell coverage. In downlink the use of beamforming (BF) could compensate some path losses and improve the cell coverage. However, BF in uplink may not be as effective as in downlink. To ease the cell coverage issue in uplink, DFT-S-OFDM waveform is adopted in uplink for PUCCH with long duration which leads to lower PAPR and thus smaller power back-off and more coverage.  To further improve that, transmit diversity shall be considered.  
In RAN1 NR Ad-hoc meeting held in Jan of 2017, the following agreements were reached with respect to PUCCH with long duration and transmit diversity will be supported for PUCCH with long duration . 
Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

· Intra-slot frequency-hopping is supported

DMRS design is another important aspect for PUCCH. As PUCCH with long duration is to target the coverage, DFT-S-OFDM is adopted as the waveform. In RAN1 87 meeting, it was agreed that TDM between RS and UCI will be supported
Agreements:
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)

In this contribution, design consideration of transmit diversity for PUCCH with long duration is provided and some preliminary proposals are raised. In addition,  some DMRS design aspects for PUCCH with long duration are also discussed
2. Design of PUCCH with long duration 
2.1. Transmit diversity
For transmit diversity, a couple of schemes could be considered, which include Alamouti based transmit diversity,  Cyclic delay diversity (CDD), Space orthogonal-resource transmit diversity (SORTD). There are pros and cons for each of the schemes.  In 4G LTE, space frequency block codes (SFBC) based on Alamouti code was adopted as transmit diversity for downlink control channel. For uplink,  SORTD was adopted as transmit diversity for PUCCH for some cases. As DFT-S-OFDM is adopted as PUCCH with long duration,  sequences like Zadoff-Chu family could be used as modulation sequences for UCI. Such sequences are mapped along frequency and multiple sequences could be used to modulated UCIs from the same/different UEs. As each sequences consist of contiguous complex values which can not be re-arranged, SFBC could not be used as the transmit diversity here.  Instead, STBC could be considered.  Figure 1 shows an example of using STBC as transmit diversity, in which  [image: image2.png]
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are two sequences respectively
[image: image7.emf] 
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Figure 1: Using STBC as transmit diversity for PUCCH
The other two transmit diversity schemes are relatively more straightforward. CDD is to apply a phase shift on the original sequence and transmit it from the 2nd antennas. SORTD is to apply orthogonal sequences on each antenna and transmit them. The pros and cons of each schemes are summarized in Table 1. From the table, it can be noticed that STBC shall provide overall superior transmit diversity performance without increase the sequence resource. Its main drawback is that it requires pair of symbols. In the case there is an orphan symbol left,  other scheme such as SORTD or CDD could be used.  Further study is needed to compare performance and implementation complexity among these schemes. 
Table 1 Comparing among different transmit diversity schemes for PUCCH
	Transmit diversity schemes
	Pros
	Cons

	STBC
	Good diversity performance as the STBC code is orthogonal, does not need more sequence resource
	Need pair of symbols in time

	CDD
	easy to implement, no requirement on pair of symbols
	Relative weaker diversity as compared with other schemes

	SORTD
	Good diversity performance as orthogonal sequences are used. No requirement on pair of symbols
	Double the sequence resources.


Proposal:
· Study the performance of various transmit diversity schemes including STBC, CDD and SORTD and also evaluate their complexity. 
2.2. DMRS locations
As DFT-S-OFDM will be used for PUCCH with long duration, and RS and UCI would be multiplexed in TDM manner, the DMRS could occupy their own symbols, similar as that in LTE.  In LTE, 2- 3 symbols are used for RS out of a slot of 6-7 symbols. Similar density of DMRS could be considered in 5G NR as well at least for sub-carrier spacing (SCS) of 15 kHz. The new challenge that NR faces would be that there may be some new slot structure with fewer uplink symbols for PUCCH with long duration. Careful design of DMRS for such new slots is needed. 
As low latency is one of the key requirement for certain applications in 5G NR, locations of DMRS needs to be re-designed from that in LTE. To cope with this,  front-loaded DMRS principle is introduced in NR, which intend to place DMRS at the front part of data and control channel.  For PUCCH with long duration, similar principle could be applied. Figure 4 shows some examples of DMRS location for PUCCH with long duration. A couple of slot structures are shown in the figure, which ranges from uplink-only slot to two uplink-centric slots with both DL/UL transmissions. The principle of DMRS placement used in these examples are 
· Front loaded DMRS at the beginning of the PUCCH 
· The rest DMRS symbols are placed with one DMRS symbol for every two UCI symbols, thus allow the support of transmit diversity schemes such as STBC. 

[image: image8]
Figure 2: Some examples of DMRS locations for PUCCH with long duration
In RAN1 NR Ad-hoc meeting, it was agreed that intra-slot hopping is supported for PUCCH with long duration. In terms of intra-slot hopping, the portion (symbols) that hops to another part of frequency may need to have RS symbol to start with. Figure 3 show an  examples for uplink-only slot, which use the same DMRS designs as shown in Figure 2 before. In general, it would be good to consider such operations when designing DMRS symbols and avoid to have two sets of DMRS design, one for non-hopping  and one for hopping.. 
Proposal
· Front loaded DMRS shall be supported for PUCCH with long duration
· The DMRS locations need to consider other design aspects such as transmit diversity scheme.
· Strive for one sets of DMRS for cases w/o intra-slot hopping

[image: image9]
Figure 3: Example of intra-slot hopping for PUCCH with uplink-only slot
3. Conclusions
In this contribution, some design aspects for NR PDCCH with long duration are provided and the proposals could be summarized as follows
Proposals :  
· Study the performance of various transmit diversity schemes including STBC, CDD and SORTD and also evaluate their complexity.
· Front loaded DMRS shall be supported for PUCCH with long duration
· The DMRS locations need to consider other design aspects such as transmit diversity scheme.
· Strive for one sets of DMRS for cases w/o intra-slot hopping
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