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1. Introduction
In RAN1 meeting #87, for DMRS based semi-open loop transmission, further study of orphan RE problem for rank 1 transmission is agreed as below.  
FFS until RAN1#88:
· For DMRS-based semi-open-loop, 
· Orphan RE due to 2 ports CSI-RS: 
· Same procedure as in Rel.10 
· Orphan RE due to DMRS : down-select from 
· Option A:  1 orphan RE per allocated RB 
· Option B:  1 orphan RE in the last allocated RB (if number of allocated RB is odd)
· Option C:  1 orphan RE in the last allocated RB of every block of continuous RB allocation with an odd RB number
· Other options not precluded
· Location of orphan RE:  corresponding to DMRS ports 9/10 of the last DMRS CDM group (see next slide)
In this paper we will discuss the orphan RE problem. Besides, we will also investigate the SPS-RNTI support for DMRS based semi-open loop transmission.
2. Orphan RE Problem for Rank 1 DMRS based Semi-open Loop Transmission 
SFBC based RE level processing was agreed as the rank 1 transmission scheme for DMRS based semi-open loop transmission in RAN 1 #86bis. Coming with it the orphan RE problem need to be solved. In Fig. 1, the reference signal RE patterns are shown for CRS, CSI-RS, and DMRS. As the SFBC scheme applies across a pair of REs in frequency domain, if DMRS ports 7/8 are used for rank 1 semi-open loop transmission, in the symbol time where there are DMRS REs there will be odd number of REs. As a result, applying SFBC will introduce one orphan RE remaining unpaired. 

[image: image1.emf]
Fig.1  Orphan RE problem and Reference signal RE patterns for CRS, CSI-RS, and DMRS.

Similar problem was discussed before in RAN1 forum and legacy solution (option A) was to leave the orphan RE unused. For semi-open loop transmission, which is targeted at high speed case and the throughput is already quite demanding, dropping off one RE in each of the symbol time where DMRS RE presents will bring ~3% throughput loss (calculation is based on Fig.1 with 2 PDCCH symbols). So for R14 rank 1 semi-open loop transmission, we propose to introduce new methods to solve the orphan RE problem. 

Observation 1: orphan RE problem will introduce significant throughput loss if legacy method (option A) is adopted as the solution, new solution should be introduced to solve the problem. 

To solve the orphan RE problem, we propose to have the following two pairing methods considered for standardization. 

1. Continuous pairing across PRBs
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[image: image3.emf]
Fig. 2 continuous pairing across PRBs.

In Fig. 2, solution involving continuous pairing across PRBs is shown. If UE is allocated even number of PRBs, especially when those PRBs are continuous in frequency domain, the solution will elminate the orphan RE problem. However, when DL resource allocation is discrete and/or odd number of PRBs are allocated, the performance of this solution decreases. If the REs paired are not close together in time/frequency, which happens when REs are paired across discrete PRBs, then the channel variations between the REs in an RE pair will break the orthogonality of the Alamouti structure and cause performance loss. If odd number of PRBs are allocated to a UE, there will be one orphan RE can not be paired. 
Observation 2: continuous pairing across PRBs can eliminate the orphan RE problem if even number of continuous PRBs are allocated, the favourable conditions however are hardly met in system scheduling.
2. Continuous pairing across symbols

[image: image4.emf]
Fig. 3 continuous pairing across symbol time.

In Fig. 3, another pairing method is shown as the orphan REs are paired across symbol time. This method doesn't require continuous PRB allocation or even number of PRBs for application. However, as the semi-open loop transmission is targeted at the high speed case, channel may vary a lot across symbol time, this method is less prefered when favorable conditions are met for continuous pairing across PRBs.   

Observation 3: continuous pairing across symbol time doesn’t require any condition to apply, but the performance is less prefered if the favorable conditions for continuous pairing across PRBs are met. 

Based on the above observations, we propose to apply both of the methods in a hybrid way. For each of the continuous allocation of PRBs, apply pairing across PRBs for the first even number of PRBs and then apply pairing across symbols for the last PRB. In this way, best tradeoff between performance and applicability is arrived. 

Proposal 1: To solve the orphan RE problem, a hybrid applying of continuous pairing across PRBs and symbols should be specified. Specifically, for each of the continuous allocation of PRBs, apply pairing across PRBs for the first even number of PRBs and then apply pairing across symbols for the last PRB.

3. SPS-RNTI Support for Semi-open Loop

The support of SPS-RNTI infers the support of semi-persistent scheduling for semi-open loop transmission. Semi-open loop transmission is targeted at high speed scenario, where channel usually varies very fast, while semi-persistent scheduling only works for the case with relatively stable channel. Therefore, we propose to not support SPS-RNTI for semi-open loop transmission. 
Proposal 2: no support of SPS-RNTI for semi-open loop transmission. 

4. Conclusion
This contribution has provided detail design specifics for DMRS-based semi open-loop transmission. We have following observations and proposals:
Observation 1: orphan RE problem will introduce significant throughput loss if legacy method (option A) is adopted as the solution, new solution should be introduced to solve the problem. 

Observation 2: continuous pairing across PRBs can eliminate the orphan RE problem if even number of continuous PRBs are allocated, the favourable conditions however are hardly met in system scheduling.
Observation 3: continuous pairing across symbol time doesn’t require any condition to apply, but the performance is less prefered if the favorable conditions for continuous pairing across PRBs are met.  
Proposal 1: To solve the orphan RE problem, a hybrid applying of continuous pairing across PRBs and symbols should be specified. Specifically, for each of the continuous allocation of PRBs, apply pairing across PRBs for the first even number of PRBs and then apply pairing across symbols for the last PRB.

Proposal 2: no support of SPS-RNTI for semi-open loop transmission. 
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