
3GPP TSG RAN WG1 Meeting #88                                              
R1-1701942
Athens, Greece, 13th - 17th February 2017

Source:
Guangdong OPPO Mobile Telecom
Title:
Discussion on UL diversity transmission
Agenda Item:
8.1.2.1.5
Document for:
Discussion and Decision

1. Introduction

In RAN1#Ah-Hoc meeting in Spokane, the UL transmission schemes were discussed and three schemes were supported in the agreements below:
Agreements:
· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size

· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
In RAN1-86b meeting [1], both CP-OFDM and DFT-s-OFDM are decided as mandatory waveform UE should support for NR uplink:
Agreements:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

In this contribution, we discuss the diversity-based transmission scheme for NR uplink and corresponding waveform configuration.
2. Discussion
It was agreed that diversity transmission is supported in uplink for NR. The transmission scheme can be specification-transparent (e.g. via UE implementation) or specification-specified. In LTE, single port transmission was introduced to obtain diversity gain for UE with multiple antennae via some implementation based transmission, e.g. precoder cycling or long-term precoding. There were an amount of evaluations on specified transmit diversity by multiple ports (typically SFBC) in LTE but no significant gain was observed over single port transmission. In NR, the scenario is similar and no strong motivation is found to reconsider specified transmit diversity. Implementation based diversity transmission via single antenna port can be a sufficient complementation to codebook and non-codebook based transmission. If non-codebook based UL transmission is supported for a UE, UL beamforming based on channel reciprocity can also provide reliable performance for single port transmission. 
For UEs with only single port capability, single port transmission is naturally necessary. For high speed or cell-edge UE capable for multiple port transmission, single port transmission can also be exploited as fall back scheme to ensure the transmission reliability. 
Proposal 1:  Single port transmission is supported as implementation based diversity transmission scheme for UEs with or without the capability of multiple port transmission. 
If multiple port based transmit diversity is not introduced in uplink, the diversity based transmission would only support single layer. Then both CP-OFDM and DFT-S-OFDM may be applied. DFT-S-OFDM should be supported since cell-edge UEs are important use cases of diversity transmission. CP-OFDM could also be considered for the high speed UEs or single port UEs configured with diversity transmission but located near the gNB. Therefore, it is proposed to support configurable waveform for UL diversity transmission.
Generally, L1 parameters can configured through L1 or/and L3 signaling. On determining the waveform configuration signaling, it is important to figure out the scenarios where the waveform can be switched. When UE uplink is severely interfered by other cells, UE’s uplink transmission power may experience dramatic changes because the interference is up to the burst traffic. In such case, L1 signaling configuration of waveform is necessary because L3 signaling may not be that fast. Similarly, when uplink is on the high frequency band, the channel response may also change quickly, then using L1 signaling to switch the waveform is also necessary. Therefore, it is necessary to have L1 signaling configuration of waveform. While in many cases such as uplink channel condition and interference environment is stable, waveform configuration through L3 signaling makes sense. For example, RRC can configure an initial waveform for UE to use and latter gNB can use RRC re-configure to change the waveform. But it needs further study if there are any problems if both L1 & L3 signaling can configure/change the waveform. 

Proposal 2: The waveforms should be configurable for UL diversity transmission scheme. The configuration should support L1 signaling, and FFS for L3 signaling.
3. Conclusions
In this contribution, we discuss the uplink diversity based transmission scheme and have the following proposals:
Proposal 1:  Single port transmission is supported as implementation based diversity transmission scheme for UEs with or without the capability of multiple port transmission.
Proposal 2: The waveforms should be configurable for UL diversity transmission scheme. The configuration should support L1 signaling, and FFS for L3 signaling.
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