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1. Introduction
· In RAN1#86, the support of DMRS based semi-open loop transmission was agreed as below, in this paper, we present our view on this new scheme and design specifics for rank 1 transmission. 
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop

· For dual-stage codebook, 

· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}

· FFS: reporting i11 and/or i12 for Class A codebooks

· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1

· FFS: reporting i1 and subsampled i2

· FFS: Hybrid CSI with semi-open-loop 

· FFS: Reporting multiple CRIs for CLASS B K>1

· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported

· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported

· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission

· Down selection from the following transmission schemes in RAN1#86bis, including possible combination

· Precoder cycling

· Tx diversity 

· LD-CDD

· Layer Permutation

2 Semi-OL Scheme Design with Rank 1 
Semi-open loop transmissions are targeted at high speed scenario so that the main use case is based on some low ranks transmission. In this section we describe several schemes of rank 1 semi-open-loop transmission. 
Semi-open loop transmission involves in a relatively long term and wideband close loop PMI feedback from UE, which will be used as primary precoder hypotheses. For the open loop part, there are four optional schemes, as precoder cycling, Tx diversity, LD-CDD, layer permutation. LD-CDD involves delay cycling among multiple transmission layers. Layer permutation requires more than one layers in order to get performance gain. Therefore, two schemes are considered here for rank 1 semi-open loop transmission: precoder cycling and Tx diversity. 
Precoder Cycling

Precoder cycling with two stage codebook includes two levels of cycling. Within a semi-open loop transmission, the partial PMI feedback, i.e. W1/CRI, can provide a precoder group, which consists of several rough estimated beams for a UE. Those beams from W1 can be cycled based on PRB level. The other level of cycling can be done with the open loop part, usually with cophasing and beam selection for X-pol antenna. With a predefined pattern of precoder cycling across whole system bandwidth, the open loop part cycling can be applied at least RE level. In other words, precoders can be cycled at RE level following predefined pattern and applied differently from RE to RE, as long as the indication of DMRS ports is properly provided and DMRS-based PDSCH demodulation can be executed. Therefore, for rank 1 transmission, precoder cycling at RE level requires more DMRS ports than ports used for precoder cycling at PRB level. If the open-loop part is done on PRB level, one DMRS port is enough for PDSCH demodulation for rank 1 with potential enhancement of DMRS bundling size. 

Observation 1: If the open-loop part cycling is done on PRB level, only one DMRS port is required for demodulation. If it is done on RE level, the number of DMRS ports should be equal to the number of hypothetical cycling precoders within a PRB. 

For RE level open-loop precoder cycling, the number of precoders (cophasing and/or beam selection terms) should be decided as a tradeoff between overhead reduction of DMRS ports and semi-open loop performance gain. Ideally, a cycling with more diverse precoders may provide better performance whilst it requires more DMRS ports.  Therefore, RS overhead and power consumption will increase accordingly. For rank 1 transmission, the cophasing of X-pol antenna may only involve positive and negative combinations of two X-pol ports. So we propose to study RE level cophasing cycling only, where the cycling pattern should be an interlacing in sequential order of two cophasing vectors, [1 1] and [1 -1]. 
Observation 2: For RE level cophasing cycling, a cycling pattern is an interlacing in a sequential order of two cophasing vectors, [1 1] and [1 -1] within a PRB.  On the other hand, beams determined by W1 is cycled at PRB level. 
For precoder cycling, CSI measurement at UE side should consider PMI hypothesis that the long term information, i.e. W1, are cycled at PRB level and the cophasing terms can be cycled at either PRB level or RE level. For the later, it shall be specified and indicated by the network if precoder cycling is preferred solution.  For Class A based semi OL transmission, CQI/PMI1/RI are fed back based indicated transmission hypothesis. For Class B based semi OL transmission, CRI/CQI/RI/PMI1 (if applicable) are fed back based on indicated transmission hypothesis. 

Observation 3: For precoder cycling, CSI measurement at UE side should assume specific transmission hypothesis where the long term precoders in W1 are cycled at PRB level and cophasing terms may be cycled at either PRB level or RE level. 
Transmit Diversity

Transmit diversity based semi-open loop scheme can apply the partial PMI feedback cycling, i.e. W1, at PRB level, and then apply legacy SFBC with RE pairs over two virtualized X-pol ports at RE level. Therefore, the main purpose of partial PMI feedback for semi-open loop transmission, with W1 and/or CRI, is to provide a long term beamforming precoder (s) to reduce dimensionality of AAS array into only 2 virtual ports. How to perform such a mapping, e.g. between a mapping between 64 TXRU and 2 DMRS ports, is flexible and largely remains to be transparent to the UE. The partial PMI feedback itself has provided limited precoder hypotheses which can be cycled or not at PRB, up to the eNB.  From the UE perspective, the UE only needs to know the number of DMRS ports (or be fixed in specification) and then perform SFBC-based demodulation using 2 or 4 DMRS ports.  In this contribution, we mainly focus on 2Tx SFBC-based semi-open loop. Therefore, only 2 DMRS ports are required and represent two transmission ports each of which is virtualized from one AAS polarization.  In order to leverage legacy SFBC schemes, we propose to use DMRS ports 7 and 8 here for rank 1 transmission due to the overhead of DMRS. 

Observation 4: DMRS port 7 and 8 can be used for 2Tx transmit diversity based semi-open loop transmission. 

One problem related to rank 1 transmit diversity based semi-open loop transmission is the orphan RE per OFDM symbol. Suppose we use DMRS port 7 and 8 as two virtualized X-pol ports and applies legacy 2Tx SFBC.  Since port 7 and 8 occupies the same RE resource with CDD, it will be an odd number of data REs within such a OFDM symbol. While SFBC requires even number of REs to form RE pairs, some considerations are needed to solve the problem of RE pairing in a PRB, at least in an order of 2. To solve the problem of orphan RE, we propose to hybrid SFBC and STBC in a PRB, one possible choice is shown as below Fig. 1. Proposed pattern keeps legacy SFBC method by applying SFBC to two adjacent REs (which may or may be separated by DMRS or CSI-RS), and then applied STBC across two orphan REs from two adjacent OFDM symbols. 

There are some considerations here. Firstly, due to large beamforming gain from port virtualization, it was found that channel coherent bandwidth is increased accordingly during the discussion of beamforming CSI-RS overhead reduction. Therefore, two adjacent REs in frequency domain separated by DMRS and/or CSI-RS are still highly correlated in terms of channel coefficient. Secondly, two adjacent REs in time domain may not be strictly static anymore depending on UE mobility. If it happens, STBC itself will be degraded to a random precoder over two orphan REs. Therefore, if hybrid SFBC and STBC can be used, PDSCH REs in a PRB can be always paired in 2REs at least given that CSI-RS and DMRS ports are CDD based. 
Observation 5: hybrid SFBC and STBC patterns can be used to solve the problem of orphan REs for transmit diversity based DMRS semi-open loop transmission. 

[image: image1.emf]
Fig.1  hybrid SFBC and STBC pattern for Tx diversity based Semi-open loop

For transmit diversity, CSI measurement at UE should assume transmission hypothesis that precoders in W1 can be cycled at PRB level and two virtual ports, i.e. two DMRS ports, are formed by such a partial feedback. In additional, hybrid SFBC/STBC transmission scheme at RE level shall be assumed by the UE.  For Class A based semi-open transmission, CQI/PMI1/RI are fed back based indicated transmission hypothesis. For Class B based semi-open transmission, CRI/CQI/RI/PMI1 (if applicable) are fed back based on indicated transmission hypothesis. For Class B with 2 CSI-RS port per beam, there is no need to feedback PMI of 2 ports. For Class B with 4/8 CSI-RS ports per beam, dual stage codebook can be configured with W1 feedback only. 
Observation 6: For transmit diversity, CSI measurement at UE side should assume specific transmission hypothesis where the long term precoders in W1 are cycled at PRB level and two virtual ports, i.e. two DMRS ports, are beamformed by such a partial PMI feedback. Hybrid SFBC/STBS schemes with RE pairs are assumed by the UE.
3 System Level Simulation with Rank 1 Transmission

In this section, we present some of our latest simulation results in order to assist the down selection of transmission schemes for rank 1 DMRS based semi-open-loop transmission. Simulation configurations and parameters can be found in Appendix. Simulation results are summarized in Table 1 below. 
We compare the performance of precoder cycling and hybrid SFBC/STBC schemes. For precoder cycling, we consider both PRB level and RE level co-phasing cycling on top of PRB level long term precoder cycling from W1. For RE level co-phasing cycling, we have used a fix pattern with interlacing of two co-phasing vectors, [1, 1] and [1, -1]. The RE level co-phasing cycling performance is slightly worse than or similar with PRB level co-phasing cycling.  As PRB level co-phasing cycling only requires one DMRS port for PDSCH demodulation while RE level co-phasing cycling requires two ports. The power reduction of 3dB due to the usage of two DMRS ports CDM has slightly reduced the SNR of channel estimation. On the other hand, hybrid SFBC/STBC on top of PRB level long term precoder cycling from W1 has provided the best performance with 7% cell average gain and 14% cell edge gain over PRB level cycling.  
Table1: Simulation results for rank 1 DMRS based semi-open-loop transmission

	UE speed
	Partial PMI based Precoder Group

And its Cycling Pattern
	Co-phasing for two virtualized Xpol ports

And its Cycling pattern
	Sector capacity (Mbps)
Cell Edge (Kbps)

	120km/h
	WB CQI

Long-term 8TX W1 feedback

PRB based Cycling
	PRB level Xpol port co-phasing

Co-phasing vector [1 +1] 

Rank-1 ONLY
	19.6 (100%)

350(100%)

	
	
	RE level Xpol port co-phasing

Co-phasing vectors [1 +1] or [1 -1]

Rank-1 ONLY
	19.5

360

	
	
	SFBC/STBC on top of Xpol ports

Rank-1 ONLY
	21.0 (107%)

390(114%)


Observation 7: Hybrid SFBC/STBC on top of PRB level long term precoder cycling from W1 has provided the best performance for rank 1 transmission. 
Based on all observations, we prefer to adopt rank 1 transmit diversity based semi-open-loop schemes. It can be implemented with small modifications of legacy SFBC scheme from TM3, taking into account necessary changes of RE paring and CSI feedback. Moreover, it can efficiently utilize partial CSI feedback for both Class A and Class B CSI reporting to reduce CSI dimensionality and DMRS port overhead. Therefore, we have following proposal: 
Proposal: Transmit diversity scheme on top of PRB level precoder cycling from W1/CRI feedback shall be adopted as rank 1 transmission scheme for DMRS based semi-open-loop transmission.  
4  Conclusion
This contribution has provided detail design specifics for rank 1 DMRS-based semi-open loop transmission. We have following observations and proposals:
Observation 1: If the open-loop part cycling is done on PRB level, only one DMRS port is required for demodulation. If it is done on RE level, the number of DMRS ports should be equal to the number of hypothetical cycling precoders within a PRB. 

Observation 2: For RE level cophasing cycling, a cycling pattern is an interlacing in a sequential order of two cophasing vectors, [1 1] and [1 -1] within a PRB.  On the other hand, beams determined by W1 is cycled at PRB level. 

Observation 3: For precoder cycling, CSI measurement at UE side should assume specific transmission hypothesis where the long term precoders in W1 are cycled at PRB level and cophasing terms may be cycled at either PRB level or RE level. 

Observation 4: DMRS port 7 and 8 can be used for 2Tx transmit diversity based semi-open loop transmission. 

Observation 5: hybrid SFBC and STBC patterns can be used to solve the problem of orphan REs for transmit diversity based DMRS semi-open loop transmission. 

Observation 6: For transmit diversity, CSI measurement at UE side should assume specific transmission hypothesis where the long term precoders in W1 are cycled at PRB level and two virtual ports, i.e. two DMRS ports, are beamformed by such a partial PMI feedback. Hybrid SFBC/STBS schemes with RE pairs are assumed by the UE.
Observation 7: Hybrid SFBC/STBC on top of PRB level long term precoder cycling from W1 has provided the best performance for rank 1 transmission. 

Proposal: Transmit diversity scheme on top of PRB level precoder cycling from W1/CRI feedback shall be adopted as rank 1 transmission scheme for DMRS based semi-open-loop transmission.  
References

[1] R1-166344, “DMRS-based Semi-open Loop Transmission Schemes”,
Nokia, Alcatel-Lucent Shanghai Bell
Appendix

Table 1: Simulation Configuration and Parameters

	Parameters
	Values

	Scenario
	UMi 200m ISD

	Antenna modelling
	(8, 4, 2) total 64 antenna elements

	Traffic model 
	Full buffer model

	Beam Setup 
	1D aggregation, 2 beams in elevation domain (+6º and +18º)

	System bandwidth
	10MHz

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	120km/h

	UE distribution 
	Uniform

	Receiver 
	Non-ideal channel estimation and interference modelling

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	X-pol 

	Feedback 
	CQI reporting triggered per 5ms, long term PMI (W1) feedback

	
	Feedback delay is 5 ms

	Transmission schemes
	SFBC-SU, RP-SU

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

	Scheduler 
	wideband scheduling for OL schemes

	CSI-RS transmission
	5msec



