
Hangzhou, China, 15th - 19nd May 2017
Source:
CMCC

Title:
Discussion on DL Transmission Scheme 2 for rank-1 
Agenda Item:
7.1.2.1.2
Document for:
Discussion and Decision
1. Introduction
In RAN1 NR Adhoc meetings, the following agreements were achieved [1]. 
Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS

· Small-delay CDD with transparent DMRS

· DMRS based SFBC

· For rank>1, 

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS

· Layer shifting

· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS

· Large-delay CDD with non-transparent DMRS
In this contribution, we investigate transmission scheme 2 for downlink rank-1 data channel transmission. We first discuss characteristics of precoder cycling and SFBC for rank-1 transmission scheme 2. Based on the discussion, advantages and disadvantages are summarized to give an insight of different transmission scheme 2. Some observations and proposals are concluded.
2. Discussion on DL transmission scheme 2 for rank-1
SFBC as a basic transmission scheme has been widely used in LTE/LTE-Advanced system due to its effectiveness in dealing with fast channel fading and insenstivitity to CSIT availability. STBC/SFBC transmission can provide a full spatial diversity with low-complexity one symbol per sub-carrier/time decoding [2]. For precoder cycling, on one hand, it can get the diversity gain via the cycling of different precoders. On the other hand, it can also get the array gain when the number of transmit antennas increase. There is a trade-off between the diversity gain and the array gain to the precoder cycling according to different configuration of the number of transmit antenna element and antenna port. In addition, precoder cycling has been used in LTE-Advanced system as the transmission scheme of ePDCCH. But comparing with control channel, the data channel has different features. 
·  Because a wider service types should be supported by the data channel than the control channel, so we should not only consider the medium and large packet size traffic, but also support the small packet traffic. In other words, a flexible scheduling granularity maybe considered in the NR data channel transmission scheme design. 
· The link robustness is a key performance indicator in the comparison of different transmission schemes. SFBC has the optimal diversity performance than any other diversity schemes under two transmit antenna port assumption. 
· When considering the advanced receiver, the inter-site interference of various transmission schemes should be accurately estimated for interference cancellation. The detailed analysis about the interference can be found in [3].
· The system capacity (spectral efficiency) is another non-negligible performance indicator that we should consider in data channel transmission design. To the rank-1 and two transmit antenna SFBC/STBC, the optimality of capacity is proved in [4] and the advantage of spectral efficiency comparing with precoder cycling can be presented as
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 denote the channels of UE DM-RS port 1 and UE DM-RS port 2, respectively.
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 is the number of system available resource element, 
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under the assumption of two antenna ports and the same channel estimation accuracy.
Observation 1: To the rank-1 and two transmit antennas, under the same channel estimation accuracy, the spectral efficiency performance of SFBC and precoder cycling depend on the RS overhead. When the RS overhead is much smaller than the total resource number, SFBC can achieve higher spectral efficiency than precoder cycling. 
In addition to above factors, the main factors and advantages/disadvantages that we should consider in the design of downlink transmission scheme 2 for rank-1 are listed in Table 1.
Table 1: Comparison of Precoder Cycling and SFBC
	
	RB-level 

Precoder Cycling
	PRG-level 

Precoder Cycling
	RE-level 

Precoder Cycling
	SFBC

	Diversity Gain
	Lower than RE-level, due to the large cycling granularity
	Much Lower than RE-level, due to the larger cycling granularity
	Rely on Ant element Num and Ant Port Num 

(trade-off between array gain and diversity gain)
	Best

(Optimal under two Tx Ant Port case)

	Scheduling granularity

(small scheduling granularity means a better ability to support small packet traffic transmission)
	4 PRB
	12PRB
	RE
	RE

	DM-RS overhead
	One DMRS Port, but the same overhead
	One DMRS Port,
but the same overhead
	Two DMRS Ports, but the same overhead 
	Two DMRS Ports, but the same overhead

	Channel Estimation accuracy
	Accuracy loss due to non-PRB-bundling
	-
	3dB power loss with two DMRS ports, but may not obviously deteriorate the channel estimation accuracy 
	3dB power loss with two DMRS ports, but may not obviously deteriorate the channel estimation accuracy

	Tx Ant Num

(whether compatible with massive-MIMO)
	More Tx Ant Num potentially need larger Codebook Set 

(Longer cycling period than RE-level)
	More Tx Ant Num potentially need larger Codebook Set

(Longer cycling period than RB-level)
	More Tx Ant Num potentially need larger Codebook Set

(Long cycling period)
	No need for cycling 

	Compatibility with advanced receiver to canel ICI
	Similar to LTE NAICS
	Similar to LTE NAICS
	May need to signal that the ICI is RE-level
	Similar to LTE NAICS

	Consistency with rank-2
	Uncertain
(Depending on whether rank-2 scheme is precoder cycling or CDD)
	Uncertain

(Depending on whether rank-2 scheme is precoder cycling or CDD)
	Uncertain

(Depending on whether rank-2 scheme is precoder cycling or CDD)
	Non-consistency, but can serve as fall back mode


Based on the above discussion, we can get the below observation:

Observation 2: Although SFBC is not the best in all aspects (e.g. in channel estimation), it is more appropriate for DL data transmission to support diverse services types and ensure  link robustness.
Proposal 1: Compared with precoder cycling, SFBC as downlink rank-1 data diversity transmission scheme is more preferred in NR MIMO.
3. Conclusions
 According to the above discussions, we would like to put forward the following proposal:
Observation 1: To the rank-1 and two transmit antennas, under the same channel estimation accuracy, the spectral efficiency performance of SFBC and precoder cycling depend on the RS overhead. When the RS overhead is much smaller than the total resource number, SFBC can achieve higher spectral efficiency than precoder cycling. 
Observation 2: Although SFBC is not the best in all aspects (e.g. in channel estimation), it is more appropriate for DL data transmission to support diverse services types and ensure  link robustness.
Proposal 1: Compared with precoder cycling, SFBC as downlink rank-1 data diversity transmission scheme is more preferred in NR MIMO.
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