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1. Introduction
In the January ad hoc meeting the following agreements were reached on transmission scheme 2 for NR-PDSCH.
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 present our views on this issue. 
2. Discussion

2.1. Rank-1
A comparison between the candidate schemes is tabularized below. More detailed discussions are provided in the rest of this section.
	
	DMRS port number
	Spatial Diversity
	Frequency diversity
	Transparency
	PRB bundling gain

	RB-based precoder cycling
	1
	High
	High
	Yes
	No

	RE-based precoder cycling
	2
	High
	Highest
	No
	Yes

	Small delay CDD
	1
	Low
	Low
	No
	No

	DMRS based SFBC
	2
	Highest
	High
	No
	Yes


2.1.1 DMRS-based SFBC

CRS-based SFBC is diversity scheme for PBCH, PDCCH and PDSCH in LTE. Replacing CRS with DMRS yields DMRS-based SFBC. DMRS are virtualized antenna ports where the virtualization mapping to physical antennas is mostly gNB implementation issue. For NR-PDSCH, precoding on DMRS antenna ports follows conventional SFBC-like structure.  
The following are noted regarding DMRS-based SFBC:
· No. DMRS ports:  At least two DMRS ports are needed to support SFBC. 4-ports SFBC/FSTD is in theory possible; however the additional spatial diversity of 4Tx is small and doesn’t warrant the additional overhead, DMRS power reduction and degraded channel estimation performance. Depending on the final DMRS design (still FFS), 2 ports DMRS suffers 3dB power loss (if CDM) or twofold overhead (if TDM/FDM), compared to 1-port based scheme (e.g. PRB-based cycling)
· Spatial diversity: It is well known that SFBC achieves full spatial diversity, regardless of the spatial correlation between the 2 Tx branches. There are deployment scenarios with very small packet size and narrowband frequency allocation, where frequency diversity is not available and spatial diversity in the only way to ensure link robust.  In these deployment scenarios full spatial diversity from SFBC is beneficial.
· Frequency diversity: Depends on virtualization of DMRS ports in the frequency domain. If DMRS virtualization is narrow-band (e.g. varies PRB-to-PRB), PRB-based frequency diversity is fully attainable. It is not possible to achieve RE-based frequency diversity, but the gain of RE-based frequency diversity over PRB-level diversity can be small.
· PRB bundling: PRB bundling depends on the virtualization of DMRS ports. If DMRS virtualization is wideband (e.g. full system bandwidth), PRB bundling can be on the entire system bandwidth. In general PRB bundling bandwidth and DMRS virtualization bandwidth can be equal. 
· Transparency: SFBC is non-transparent. Both NR-PDSCH demodulation and CSI measurement needs to be based on the assumption of SFBC.
Lastly, a unique problem of SFBC compared to other candidate schemes is the so-called “orphan-RE” issues. In brief, since SFBC maps a pair of modulated symbols on a pair of adjacent REs in the frequency domain, the number of available REs per OFDM symbol needs to be even to fully utilize the transmission resources, otherwise some unused REs may result in spectrum waste up to 4%. Furthermore, if a SFBC RE pair is separately too far apart in frequency domain due to other physical signals (e.g. CSI-RS, DMRS), their channels become less correlated which degrades the system performance. Solution have been proposed in Rel.14 to address these issues (e.g. hybrid SFBC/STBC), but was not adopted due to UE vendor’s concern. For NR it is preferable to address the orphan RE problem with SFBC.
2.1.2 PRB-based precoder cycling (transparent)
The following are noted for PRB-based precoder cycling.
· No. DMRS ports:  1 DMRS port is required for PRB-based cycling. This achieves 3dB power boost (if CDM) or half the overhead (if TDM/FDM), compared to 2-port based schemes. 
· Spatial diversity: Full spatial diversity is not possible. The final diversity depends on the codebook, and the set of precoders and the cycling pattern. 
· Frequency diversity: Defining the set of PRBs associated with the same precoder as PRG (that is, precoder cycles from PRG to PRG but remains unchanged within a PRG), frequency diversity depends on the PRG size. At most PRB-based frequency diversity is achievable, when a PRG includes 1 PRB.
· PRB bundling: PRB bundling is possible within a PRG. Note that PRB bundling across non-adjacent PRGs is precluded, even if they are associated to the same precoder. Across PRG bundling may be considered if sufficient gain is shown.
· Transparency: Transparent, NR-PDSCH and DMRS are precoded exactly the same in each PRG.
2.1.3 RE-based precoder cycling (non-transparent)
The following are noted.
· No. DMRS ports:  At least 2 DMRS ports are needed within one PRB, where in one PRB different REs are mapped to different DMRS ports (presumably in a cycling manner). Across different PRBs, different DMRS ports may be employed (e.g. ports 7/8 in PRB A, ports 9/10 in PRB B). 
· Spatial diversity: Full spatial diversity is not possible. 
· Frequency diversity: RE-based diversity is attainable, which is the best among candidate schemes. However, the gain of RE-based cycling over PRB-based cycling may be small, considering practical channel variation within a PRB.
· PRB bundling: Similar to SFBC, frequency diversity depends on DMRS ports virtualization in the frequency domain. Wideband DMRS virtualization achieves best PRB bundling gain; this however comes at the expense of lower frequency diversity.
· Transparency: Non-transparent.
2.1.4 Small-delay CDD (non-transparent)

Assuming the gNB has a wideband precoding matrix 
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where 

 is the subcarrier index. For 

, the precoder used for rank-1 SCDD transmission writes as [image: image24.emf] 
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, where 
 and 

 are the first and second column of 

, respectively. 
· No. DMRS ports:  No fewer than the number of NR-PDSCH layers.
· Spatial diversity: Full spatial diversity is not possible.
· Frequency diversity: Firstly, as CDD relies on slow channel variation on the frequency domain created by the delay 
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, frequency diversity highly depends on the choice of delay variable 
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. A very small 
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cannot create sufficient channel variation within a PRB and fails to materialize the intended diversity gain, while a very large 
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renders the channel too frequency selective and the UE cannot use DMRS for channel interpolation within a PRB. Furthermore, it is even more difficult to optimize the delay factor for different UEs whose delay spread can be vastly different, hence choosing a suitable 
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on UE-specific basis is an important and challenging issue for SCDD standardization.
· PRB bundling: Channel estimation has to be on a per-PRB, as different DMRS REs map to different precoders. Hence, PRB bundling is not possible.
· Transparency: Non-transparent. Even within a PRB, the precoders on NR-PDSCH vary from subcarrier to subcarrier and different than DMRS. Although from UE channel estimation perspective the UE may assume the channel on DMRS can be used to approximate the channel of NR-PDSCH, such an approximation does not always hold and will break down if frequency domain correlation between DMRS and NR-PDCH within a PRB becomes problematic due to improper selection of UE-specific 
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. In addition, from gNB transmitter perspective two separate symbol-level precoding chains have to be maintained for NR-PDSCH and DMRS separately. This is fundamentally different than other true transparent schemes where gNB maintains a single symbol-level processing module for NR-PDSCH and DMRS.
2.2. Rank-2
2.2.1 PRB-based cycling (transparent)
The same analysis as rank-1 applies to rank-2. 
2.2.2 RE-based cycling
The same analysis as rank-1 applies to rank-2. It is worth noting that RE-based precoder cycling is the adopted open-loop transmission scheme for LTE Rel.14, where mapping from two DMRS ports to two NR-PDSCH layers are denoted as 
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where i is the symbol index. It can be seen that the effective precoding matrices cycle between 
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on a per-RE basis. 
2.2.3 Layer shifting (non-transparent)
Layer shifting is performed in such a way that one NR-PDSCH layer is mapped to alternating DMRS port (e.g. 7 and 8) every group of N REs, hence at least two DMRS ports are required. 

Depending on the value of N and the pattern of RE group, layer-shifting can be applied to various physical channels. For instance, LTE EPDCCH is based on layer shifting where each RE group forms a REG. For NR-PDSCH, the maximum diversity gain of layer shifting is on par with RE-based precoder cycling when N = 1, otherwise the frequency diversity is lower than RE-based precoder cycling.
2.2.4 Small-delay CDD (non-transparent)
The same analysis as rank-1 applies to rank-2. 
2.2.5 Large-delay CDD with DMRS (non-transparent)
For CSI feedback, precoding for DMRS-based large delay CDD is defined by
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where the precoding matrix
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for CSI feedback is of size 
[image: image45.wmf]u

´

P

, 
[image: image46.wmf]1

,...,

1

,

0

ap

symb

-

=

M

i

, 
[image: image47.wmf]layer

symb

ap

symb

M

M

=

, p is the number of CSI-RS antenna ports. The diagonal size-
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[image: image50.wmf]u

u

´

 matrix 
[image: image51.wmf]U

 provides the cycling basis. For PDSCH demodulation, the mapping between NR-PDSCH and DMRS is given by 
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where 
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and 
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denotes PDSCH and DMRS symbol vector, respectively. 
For v=2 DMRS ports, 
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, and the effective precoding matrix 
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Overall, RE-based cycling, large-delay CDD and layer shifting are all RE-based diversity schemes and expected to provide very similar system performance. 
3. Conclusion

In this contribution we discussed candidate schemes for transmission scheme 2 in NR. Our observations and proposals are summarized below:
Observation:
· Rank-1: 
· Full spatial diversity is only attainable with SFBC.
· Orphan RE needs to be addressed to avoid additional overhead, e.g. hybrid SFBC/STBC.
· Frequency diversity is similar for all RE-based schemes (e.g. RE-based cycling, SFBC), and the gain over PRB-based cycling is small.
· PRB bundling gain is attainable for SFBC and RE-based cycling, but not for PRB-based cycling. 
· Rank-2:

· RE-based precoder cycling provides the best tradeoff between performance and complexity.
Proposal:
· Rank-1: Decide between PRB-based cycling and SFBC (subject to resolution of orphan RE, e.g. hybrid SFBC/STBC). 

· Rank>1: adopt RE-based precoder cycling.
4. References
[1] Chairman’s notes, 3GPP RAN1#78, Athens, Greece, Feb. 13 – 17, 2017
[image: image60.wmf]2

/

)

2

,

mod(

i

j

n

e

p

j

=

_1551485377.unknown

_1551792468.unknown

_1551792523.unknown

_1551792635.unknown

_1551792832.unknown

_1551811517.unknown

_1551811533.unknown

_1551792825.unknown

_1551792615.unknown

_1551792506.unknown

_1551792515.unknown

_1551792491.unknown

_1551792169.unknown

_1551792418.unknown

_1551792429.unknown

_1551485488.unknown

_1551485520.unknown

_1551472480.unknown

_1551472653.unknown

_1551482223.unknown

_1551482239.unknown

_1551472796.unknown

_1551472806.unknown

_1551472638.unknown

_1551472645.unknown

_1551472580.unknown

_1239608119.unknown

_1249738966.unknown

_1551467899.unknown

_1246171613.unknown

_1249738822.unknown

_1246171580.unknown

_1233551405.unknown

_1233586158.unknown

