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Introduction
In RAN1#86bis, basic semi-open loop transmission schemes for transmit diversity and rank 2 spatial multiplexing were agreed.  SFBC was agreed for rank 1, while large delay CDD (per-RE cophasing cycling) is supported for rank 2.  However, open issues remain on if and/or how per PRB cycling is used on top of the per-RE diversity from SFBC or LD-CDD, as can be seen from the RAN1#86bis agreement below:
· For the purpose of CSI feedback, UE assumes the following beamforming on port 7/8 (to N CSI-RS ports) 
· Dual-stage codebook:  W(j)= W1W2(j) 
· W1: 	 wideband i1 (e.g. grid of beams) of rank-2 
· Rank-1 (options to be downselected at RAN1#87): 
· Option 0: SFBC without defined cycling pattern (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B)
· Option 1: SFBC only + fixed beam selection
· Option 2: SFBC + per-N-PRB-pair cycling with defined cycling pattern
· W2(j):  pre-determined set of beam selection matrices of rank-2 
· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs
· value of N FFS
· size/order of beam selection matrices for cycling FFS
· Rank-2 (options to be downselected at RAN1#87)
· Option 0:  without defined cycling pattern  (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B) 
· Option 1: fixed beam selection
· Option 2:  per-N-PRB-pair cycling with defined cycling pattern 
· W2(j):  pre-determined set of beam selection matrices of rank-2 
· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs
· value of N FFS
· size/order of beam selection matrices for cycling FFS 
· If the CQI reporting is configured to be based on the Single-stage codebook: W(j) 
· 2 CSI-RS ports:  identify matrix (i.e. no PMI feedback)
· 4 CSI-ports:  Per-PRB-pair cycling of W(j), where W(j) = Ck, k=mod(j,4)+12, Ck denotes the rank-2 precoding matrix of index k 
· NOTE: j denotes PRB pair index
· FFS rank-3/4

While the basic transmission schemes are defined, there are two principal open issues: PRB cycling support in CSI feedback, and whether rank 3 and 4 are supported for semi-open loop transmission. This contribution considers these open issues, proposing how they can be resolved.
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As can be seen above, there are three options for PRB level cycling.   We first note that this is for the purpose of CSI feedback only.  Therefore, the UE uses ports 7 & 8 to demodulate based on SFBC precoding or per-RE cycling.  Each set of N-PRBs must then use a single value of i2 (on top of the SFBC and LD-CDD operations).
The three options then are:
· Option 0: No PRB level cycling pattern
Here, the UE assumes that any value of i2 can be used, except for those which are eliminated by codebook subset restriction.  This allows eNB some implementation flexibility: for example, the UE could be restricted to one beam, a pair of neighbor beams, or allow the UE to assume all 4 beams in a beam group could be used.  This also has little or no spec impact.  
· Option 1: Beam selection fixed in specification
This is the next simplest approach to option 0 in terms of specification impact: some fixed rule must be used to determine which i2 index is used.  If CQI accuracy is to be maximized, one drawback would be that eNB would need to transmit on the same single beam that the UE reports on.  Any diversity gain from cycling over beams could not be accounted for.  Note that given the results below, this flexibility does not seem essential, since there does not seem to be much gain from PRB level cycling.
· Option 2: per-N-PRB cycling with defined pattern
This is the next level of specification impact, and about as constraining on eNB as option 1.  The UE has a predetermined cycling pattern, rather than the random one in option 0.  Furthermore, if the cycling is over fewer PRBs than the PRG size, channel estimation will degrade (since UEs are likely to average DMRS within a PRG).  On the other hand, if the cycling is over more than a PRG, there will be less diversity gain.  Given the lack of gains from per-PRB cycling below, and that a defined pattern is not likely to provide more gain than a random pattern (in option 0), this seems the least appealing option.
Observations:
· Option 0 has the lowest spec impact, and allows UE CSI to reflect where eNB has a configurable amount of random beam cycling.
· Option 1 has somewhat higher spec impact, and restricts UE to assume that eNB to transmits on a single beam is used.
· Option 2 restricts UE to assume a single cycling pattern is used by eNB, and also has the highest spec impact.  This option may degrade DMRS channel estimation if cycling is over fewer PRBs than a PRG, or will have less diversity gain if cycling is over more PRBs than a PRG.

A second FFS issue is whether rank 3 or 4 are supported with semi-open loop transmission.  There has been little discussion in RAN1 on that, and there does not seem to be sufficient results for consensus on the gains for rank 3 & 4.  Support for these ranks would likely require more complex precoder cycling, as well as greater spec impact.  Furthermore, rank 3 & 4 operation would target high SINR conditions, where UE speeds should be slower, and CSI feedback could keep up.
Observations:
· The use case of rank 3 & 4 operation for semi-open loop is questionable, since rank 3 & 4 operation would normally be employed in the situations where CSI feedback is accurate.
· There does not seem to be consensus on the gains of rank 3 & 4 operation for semi-open loop.
Proposal:
· Specify semi-open loop transmission with only ranks 1 & 2 in Rel-14

Simulation results
For system-level simulations we consider the high-mobility 3D UMa scenario summarized in Table 1 below. Several semi-open-loop (semi-OL) schemes have been tested to investigate the potential gains. Rel-10 closed-loop reporting mode PUSCH 3-1 has been chosen as the baseline for the comparison. The semi-OL schemes we have chosen randomize PMI feedback for   (‘OL 1-2’), where the UE is aware of which  is used in CQI calculations. Different patterns of precoder cycling on a per-PRG and per-RB basis are simulated with an MMSE IRC receiver. The demodulation issues related to the reduced (to a single RB) PRG size have been explicitly modeled. 

Table 1 Summary of the simulations assumptions
	Parameter
	Value

	Scenarios
	3D UMa

	ISD
	500 m

	Carrier frequency
	2 GHz

	eNB antenna
	8x2 X-pol array, 1x2 virtualization, tilt 122°

	Traffic model
	FTP model 1, 100kB packets

	UE speed
	120 kmph

	UE distribution
	Random uniform, 100% UEs outdoor in vehicles

	Codebook
	32-port GOB-based; Config-2-type setup

	Receiver
	Impaired channel estimation, MMSE IRC

	Precoder cycling base
	Per subband, PRG or RB

	OLLA BLER target
	[bookmark: _GoBack]25%

	Baseline
	PUSCH 3-1




As proposed in [1], it might be beneficial to carry out the cycling of  with different levels of granularity for the co-phasing and beam-selection components. To test the latter, the following OL 1-2 schemes have been considered for the simulations:
· Per-RB randomized  precoder,
· Per-PRG randomized  precoder,
· Per-RB cycled co-phasing component of  alongside per-PRG cycled beam selection,
· Per-RB cycled beam-selection component of  alongside per-PRG cycled co-phasing.
The corresponding results are presented in Table 2 below.

Table 2 Simulation results
	Baseline RU
	Scheme
	Mean UPT gain%
	Cell-edge UPT gain%

	20%
	PUSCH 3-1, per SB
	----
	----

	
	OL 1-2, per-RB random beam
	2
	1

	
	OL 1-2, per-PRG random beam
	2
	3

	
	OL 1-2, per RB co-phasing, 
 per PRG beam-selection 
	1
	1

	
	OL 1-2, per PRG co-phasing, 
 per RB beam-selection
	1
	1

	
	PUSCH 3-1, per SB
	----
	----

	50%
	OL 1-2, per-RB random beam
	4
	4

	
	OL 1-2, per-PRG random beam
	3
	4

	
	OL 1-2, per RB co-phasing, 
 per PRG beam-selection 
	1
	0

	
	OL 1-2, per PRG co-phasing, 
 per RB beam-selection
	2
	0



Observation:
· No significant gain is observed for the considered cycling patterns over PUSCH 3-1.
· Randomized precoding has essentially the same performance as known precoder cycling.
Proposal:
· Specify Option 0 (no PRB level cycling pattern) to allow flexibility without sacrificing performance gains.
Conclusion
This contribution has considered various open issues for semi-open loop transmission.  The following observations are made, leading to the proposals shown.
Observations:
· Of the 3 options for per PRB cycling of i2, Option 0 (no PRB level cycling pattern) has the lowest spec impact, and the greatest eNB flexibility, allowing UE CSI to reflect where eNB has a configurable amount of random beam cycling.
· Option 2 restricts UE to assume a single cycling pattern is used by eNB, and also has the highest spec impact.  This option may degrade DMRS channel estimation if cycling is over fewer PRBs than a PRG, or will have less diversity gain if cycling is over more PRBs than a PRG.
· No significant gain is observed for the considered cycling patterns over PUSCH 3-1.
· Randomized precoding has essentially the same performance as known precoder cycling.
· The use case of rank 3 & 4 operation for semi-open loop is questionable, since rank 3 & 4 operation would normally be where CSI feedback is accurate.
· There does not seem to be consensus on the gains of rank 3 & 4 operation for semi-open loop.

Proposals:
· Specify Option 0 (no PRB level cycling pattern) to allow flexibility without sacrificing performance gains.
· Specify semi-open loop transmission with only ranks 1 & 2 in Rel-14
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