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1 Introduction

At the RAN1 #86bis meeting, following agreements were achieved for DMRS based semi-open-loop transmission [1]: 
Agreement:

· Denote the modulation symbol index as i, RE-level PDSCH processing for semi-open-loop MIMO is based on DMRS ports 7/8

·  Rank-1: Tx diversity

· 
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· Rank-2:  co-phasing cycling

· 
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· 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
In this contribution, we discuss details of the CSI feedback in DMRS based semi-open-loop transmission.
2 Discussion 
2.1 On dual-stage codebook CSI reporting types
In RAN1 #86 and #86bis, it has been agreed that for dual stage codebook, wideband W1 will be reported as well as CRI, RI. Since RE-level transmission scheme is also agreed, W2(j) in the agreements above stands only for sub-sampled beams in the dual stage codebook. However, it remains unclear whether to report W2(j) or not. And if it is reported, further discussion is needed to decide whether wideband W2(j) or subband W2(j) should be reported. In our understanding, semi-open-loop transmission is targeted to optimize performance in medium and high mobility scenarios. Therefore, two options should be considered for W2(j):
· Option 1: W2(j) is not reported;
· Option 2: W2(j) is reported at subband level.
For the first option, W2(j) can be cycled at RB level to obtain diversity gain and CQI is calculated accordingly. This option generally suits for the high speed scenario, e.g. 120km/h. For the second option, W2(j) is reported at subband level so as to give more precise information on the optimal beamforming direction if medium UE mobility, e.g. 60km/h, is considered. In our evaluation, two types of W2(j) reporting show performance gain over legacy close-loop transmission respectively in terms of UE’s channel conditions as given in section 3. Therefore, we propose to specify both types of partial PMI reporting to optimize the performance for various channel conditions. Moreover, RRC signaling should be used to indicate the reporting type.
Proposal 1: For dual stage codebook in semi-open-loop transmission, CSI reporting type is indicated by RRC signaling, including
· Type1: W2(j) is not reported.
· Type2: W2(j) is reported at subband level.
Based on the analysis above, for dual stage codebook, CSI reporting types in semi-open-loop can be supported with minor changes to reporting types defined in Rel. 13. For example, if UE is configured in a state related to semi-open-loop by RRC, and aperiodic feedback on PUSCH is considered, every field in PUSCH 3-1 and PUSCH 1-1 can be reused for Type1, except i2 is not reported. Also every field in PUSCH 1-2, PUSCH 2-2 and PUSCH 3-2 can be re-used for Type2 except that only sub-sampled i2 is reported for each subband. Similarly, for periodic feedback on PUCCH, PUCCH 1-1 can be used in Type1 except that i2 is not reported, and PUCCH 2-1 can be used in Type 2 except that only sub-sampled i2 is reported. 
Observations 1:
· For dual stage codebook, standardization impact for supporting reporting types of semi-open-loop is trivial.
2.2 On reporting of both close-loop CSI and semi-open-loop CSI
As discussed in [2], dynamic switching between close-loop and semi-open-loop should be considered. Reporting of both close-loop CSI and semi-open-loop CSI should also be considered, so that eNB can make the decision based on physical layer measurement. One possible solution is to configure two CSI processes for close-loop and semi-open-loop respectively. However, as discussed above, since only minor changes to Rel. 13 close-loop CSI reporting is needed to support semi-open-loop CSI reporting, it is preferred to aggregate them by alternated reporting in one CSI process. 1-bit indication can be added to differentiate the contents in the reporting. For example, 1 extra bit can be introduced in PTI which can be used in periodic PUCCH reporting to indicate whether the CSI report is based on the assumption of close-loop transmission or semi-open-loop transmission. Another solution is to use 1 bit in DCI to indicate that the triggered aperiodic PUSCH reporting is either close-loop CSI or semi-open-loop CSI. Since the reported W1 could be identical, the design may also save overhead compared to the former approach.
Proposal 2: Enhance CSI reporting mechanism to support dynamic switching between semi-open-loop and close-loop transmission.
2.3 Hybrid CSI reporting in DMRS-based semi-open-loop
In RAN1 #86bis, working assumption was confirmed that for hybrid CSI reporting mechanism 1, in a single CSI process, a UE can report i1(1) and RI(1) for the 1st eMIMO-Type and PMI, CQI, RI for the 2nd eMIMO-Type. CSI reporting in DMRS based semi-open-loop transmission can nicely fit into hybrid CSI reporting framework. Moreover, if urban scenario is considered, utilization of multiple clusters in rich reflection environment can be a good solution in combating the high mobility channel. Given hybrid CSI reporting mechanism 1, it would be beneficial if UE can report multiple wideband, long-term W1 beams, e.g., two i1(1), in the 1st eMIMO-Type. In this case, the eNB can alternate the beamformer for the 2nd eMIMO-Type according to reported i1(1), and at UE side, wideband or subband CQI can be calculated based on those selected or cycled i2 in the 2nd eMIMO-Type. Hence, the CQI calculations on UE side can be simplified without degrading the link adaptation performance.
Proposal 3: In support of reporting multiple W1 beams, hybrid CSI reporting scheme for DMRS-based semi-open-loop transmission should be supported.
3 Performance evaluation

In this section, the system level simulation is performed to investigate the performance of semi-open-loop transmission. The detailed simulation assumptions are provided in appendix. In this simulation, close-loop (CL) transmission with both wideband PMI reporting PUSCH3-1 and subband PMI reporting PUSCH3-2 are evaluated. Various UE velocities in 3D UMA channel model are taken into considerations. For semi-open-loop transmission, two types of CSI feedback and associated transmssion schemes are evaluated, and the evaluation results for different UE speed, i.e. 30km/h, 60km/h and 120km/h, are provided in Table 1, Table 2 and Table 3, respectively.
Table1：UE velocity 30km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10 (PUSCH3-2)
	6.6 (100%)
	28.57(100%)
	30 (100%)
	31%

	CL TM10 (PUSCH3-1)
	6.7 (101%)
	27.21 (95%)
	29.4 (98%)
	31%

	PMI1feedback
	6.76(102%)
	28.57(100%)
	30.1(100%)
	31%

	PMI1+partial PMI2
	6.87(104%)
	31(109%)
	31.1(104%)
	28%


Table2：UE velocity 60km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10 (PUSCH3-2)
	6.1 (100%)
	25.48 (100%)
	27.8(100%)
	34%

	CL TM10 (PUSCH3-1)
	6.13 (100%)
	24.1 (95%)
	27.1 (97%)
	34%

	PMI1feedback
	6.24 (102%)
	27.2 (107%)
	28.7 (103%)
	33%

	PMI1+partial PMI2
	6.7 (110%)
	29.2 (115%)
	30.3 (109%)
	30%


Table3：UE velocity 120km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10 (PUSCH3-2)
	4.92 (100%)
	22.22 (100%)
	25.57 (100%)
	37%

	CL TM10 (PUSCH3-1)
	5.5 (112%)
	23.81 (107%)
	26.3 (103%)
	36%

	PMI1feedback
	5.9 (120%)
	27.21(122%)
	28.64 (112%)
	33%

	PMI1+partial PMI2
	5.28 (107%)
	26.0(117%)
	27.78 (109%)
	35%


From simulation results we can see, semi-open-loop transmission with two types of PMI feedback outperforms TM10 CL transmission in medium and high speed scenarios. However, type2 W2(j) feedback has better performance in the case of medium speed, which means beam selection for each subband is still valid in this case. With the increasing speed, the beam selection for each subband is invalid. Beams in the beam group should be cyclically used in the frequency domain to reap more beam diversity gain. Hence, the type1 W2(j) feedback has better performance in this case.

Observations 2:

· In medium speed scenario, the semi-open-loop transmission with subband W2(j) feedback has the best performance.
· In high speed scenario, the semi-open-loop transmission without W2(j) feedback has the best performance.
4 Conclusions
This contribution discusses the CSI feedback for DMRS based semi-open-loop. We observed

Observations 1:
· For dual stage codebook, standardization impact for supporting reporting types of semi-open-loop is trivial.
Observations 2:

· In medium speed scenario, the semi-open-loop transmission with subband W2(j) feedback has the best performance.
· In high speed scenario, the semi-open-loop transmission without W2(j) feedback has the best performance.
Hence, we propose
Proposal 1: For dual stage codebook in semi-open-loop transmission, CSI reporting type is indicated by RRC signaling, including
· Type1: W2(j) is not reported.
· Type2: W2(j) is reported at subband level.
Proposal 2: Enhance CSI reporting mechanism to support dynamic switching between semi-open-loop and close-loop transmission.
Proposal 3: In support of reporting multiple W1 beams, hybrid CSI reporting scheme for DMRS-based semi-open-loop transmission should be supported.
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Appendix: 
Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 30km/h,  60km/h, and 120km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: outdoor in vehicles, 3D-UMa

 Vehicular penetration loss = 9dB with variance of 5dB

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook

	Scheduler
	SU-PF 

	traffic model
	FTP with package size 0.5MB

	Transmit Mode
	TM10 with a single CSI process

	
	SU: rank-adaption, Maximal rank: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 /PUSCH3-1

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB


_1538937635.unknown

_1538937636.unknown

_1536695121.unknown

