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1 Introduction
Closed-loop MIMO has been the focus for quite a while at LTE meetings ‎[1]. For closed-MIMO,  it is agreed to adopt codebook based precoding scheme, which means that the UE feedback to NodeB the CQI, rank and precoding matrix index (PMI) information. The NodeB will make the final selection of rank and PMI and apply the precoding to the transmitted symbols. The closed-loop precoding scheme works well for low mobility UE, where the channel variation over time is very slow. For medium and high mobility UE, however, due to fast aging channel,  the performance of closed-loop precoding scheme will deteriorate.  In these scenarios, there is no need to feedback some information like PMI as in closed-loop MIMO as they are not valid anymore, therefore, the MIMO for medium or high mobility UE are often referred as open-loop MIMO. 
The study of open-loop MIMO for high mobility UE are quite limited to date, even though it is understood that it is preferable to use the similar closed-loop precoding structure for open-loop MIMO. This would simplify the procedures and avoid the additional complexity at both Node and UE by reducing the modes needs to be supported. However, through some study, we noticed that even though open-loop and close-loop MIMO bear a lot of commonality, there still exist a lot of difference in these two scenarios. In order to achieve the optimal performance for both scenarios, more study and effort should be devoted, especially to open-loop MIMO. 
From our study, we notice there are many un-answered questions regarding open-loop MIMO such as:
1. What’s the UE mobility range for switching between closed-loop MIMO and open-loop MIMO
2. What are the optimal rank-1 and rank-2 schemes for open-loop MIMO transmission.
3. For open-loop MIMO, does it need the rank adaptation similar to the closed-loop?
4. If rank adaptation is needed for open-loop MIMO, what’s the procedure at both Node B and UE?

5. What’s the impact on the signaling if rank adaptation is adopted for open-loop MIMO.

In this contribution, we try to answer some of those questions through discussions and analysis. Some detail simulation and study relating to those questions/issues are reported in other contributions and are referred here for reference. 

This contribution is a re-submission of 74644 with a new section (Sec 5) being added to discuss using closed-loop transmission scheme for high mobility UE. 
.
2 The UE Mobility Range for Open-Loop and Closed-Loop
It is well known that closed-loop MIMO works better with low mobility UE, while open-loop MIMO works better with medium and high mobility UE. We did some study lately to see what’s the speed range of UE for it to work better in each mode. The detail simulation results are reported in  ‎[2]. It is observed from the simulation results that for low mobility UE of 3 km/hr, closed-loop MIMO simply outperforms open-loop MIMO, while when the UE speed reaches 30 km/hr, which should be considered medium mobility, the open-loop MIMO is superior to its closed-loop counterpart.  That shows to us that only at very slow mobility, the closed-loop MIMO will bring the benefits, even though such nomadic UEs are considered quite representative. The speed range of UE for open-loop MIMO to outperform its closed-loop counterpart is quite large, from medium speed like 30 km/hr all the way to extreme high speed of 350 km/hr, therefore, the study of open-loop MIMO should be given at least the similar emphasis as that of the closed-loop MIMO, in order to find good schemes with acceptable performance. 
3 The Need of Rank Adaptation for Open-Loop

In closed-loop MIMO, the rank adaptation feature is very beneficial as it adjusts the rank of the transmission depending on the channel condition. This will allow the UE to increase its throughput by using high rank transmission when the channel condition is good, while to maintain the link by using low rank transmission when the channel condition is poor.  For open-loop MIMO, it is not clear at this stage whether the rank adaptation should be adopted. Some people consider to fix the rank during the whole open-loop transmission. That means that for a UE with high mobility, it would either use rank-1 or a high rank transmission through its whole communication.  
We feel that such limitation is un-reasonable and will jeopardize the performance of the open-loop MIMO. Compared with closed-loop, the rank adaptation for open-loop may not be exactly the same, as for closed-loop the rank adaptation is based on the feedback rank information from UE, which could be out of dated when UE mobility is high.  However, for high mobility UE, the channel condition varies with time, and so do the long term SINR due to the shadowing, so applying rank adaptation based on instantaneous SINR or long term SINR measured at UE could still benefit the overall performance throughout the transmission. We proposed such rank adaptation for high mobility UE at Athens meeting ‎[3]
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‎[4].  Further investigation and simulation are conducted recently. As shown in ‎[5] through system level simulation, by using either instantaneous SINR or long terms SINR measured at UE, the rank-adaptation for open-loop MIMO could bring substantial throughput and coverage gain over the systems without such adaptation. 
So the conclusion is: There is a need to adopt rank adaptation for open-loop MIMO for high mobility UE
4 The Open-Loop MIMO Transmission for Different Ranks
For closed-loop MIMO, as it is codebook based. the transmissions of different ranks are all using codebook based precoding. For open-loop MIMO, it is not clear at this stage the exactly schemes for transmission at different ranks. If the same precoding structure as closed-loop MIMO is used for open-loop MIMO, one way to do so is simply use a fixed precoding vector from the codebook of each rank and used it through the whole transmission, as under such circumstance PMI feedback from UE is not valid due to aging channel. However, such implementation won’t bring good performance for open-loop MIMO transmission at each rank. That is because even though for open-loop, due to fast channel variation, the PMI feedback is useless, there is still need to exploit different kinds of diversity to improve the performance. 

There are several approaches trying to solve such issues. In ‎[6], a cyclic PMI scheme was proposed which cyclically selected the codeword for a group of RE or one RB, and the simulation shows that such simple scheme could improve the performance of open-loop rank-2 transmission in a 4x2 system. In ‎[3], the performance comparison between rank-1 fixed precoding and transmit diversity using SFBC is presented for open-loop transmission, it showed that SFBC outperforms fixed rank-1 precoding by quite a margin simply due to its superiority. 
Lately, some further study are investigated through simulation comparing both rank-1 and rank-2 schemes for open-loop MIMO. The simulation results reported in ‎[7] shows that for open-loop rank-1 transmission, using transmit diversity like SFBC or SFBC+FSTD will provide better performance than using precoding even the latter performance could be enhanced by using cyclic PMI rotation (or called precoding matrix hopping PMH). For rank-2 transmission, it shows that using double SFBC or PMH could both provide better performance than using fixed PMI precoding. In terms of performance, double SFBC is a bit superior than PMH, however, PMH has advantage of lower complexity. 
So based on these study, it can be concluded that for open-loop rank-1 transmission, SFBC (for 2-tx system) or SFBC+FSTD (for 4-tx system) should be selected instead of using rank-1 precoding. As SFBC and SFBC+FSTD are already adopted in LTE as transmit diversity scheme for control and data channel, there is no addition cost to have them used for open-loop MIMO transmission. For open-loop rank-2 transmission, double SFBC can be a good choice, but if considering complexity at the receiver, the PMH scheme could be adopted as well. 
5 Using closed-loop Precoding Scheme for High Mobility UE

During the latest discussion on whether a new transmission mode should be introduced or not for UE with high mobility, some suggestions are proposed to use the current closed-loop precoding scheme for high mobility UE. The reason for doing so is to keep the current number of transmission modes and simplify the process.
Here are some of our views on such suggestion. 
Right now four transmission modes are supported for PDSCH, namely, TxD using SFBC, SM with zero delay, SM with small delay and SM with large delay. The modes are semi-static configured and signalled by L3 signalling. We feel that even if a new mode is indeed necessary for high mobility UE (mentioned as open-loop here), the signalling overhead should not be a big issue here. The other factor is that the proposed open-loop transmission mode reuses all the ingredients already defined in current spec of 36.211 such as TxD and fixed-precoding, therefore, there is no need to test new components/functions.

On the other side, to use closed-loop precoding scheme for open-loop transmission at high speed would require feedback PMI in uplink control signalling, and transmit PMI indication in downlink control signalling, this part of overhead is unnecessary for high mobility UE and can be saved if open-loop transmission mode based on TxD and fixed-precoding transmission is used. For closed-loop precoding scheme, transmission error on downlink PMI indication could also introduce performance degradation, while for open-loop mode, such an issue doesn’t exist.
Performance wise, for high mobility UE, the closed-loop precoding scheme could achieve similar performance in SM transmission for 2-tx system compared to open-loop SM, assuming the PMI indication in downlink has no error, however, the overall system throughput of closed-loop precoding scheme is expected a bit worse than the proposed open-loop transmission with dynamic rank adaptation between fixed-recoding SM and TxD. This is simply because the TxD performance in open-loop mode outperforms rank-1 close-loop transmission at high speed. 
One other issue we noticed from using closed-loop precoding for high mobility UE is that the assignment of MCS based on the CQI feedback from the UE won’t be accurate anymore due to fast aging channel, this then results in more re-transmissions, and in the end could lead to worse system throughput.    
In summary, it is believed that using closed-loop precoding for high mobility UE would require some unnecessary overhead and yet provide worse performance than the open-loop. It is therefore worthwhile to consider to add one new mode as open-loop PDSCH transmission for high mobility UE to enhance system performance and yet avoid unnecessary overhead. 
6 The Procedure of Open-Loop Rank Adaptation

Similar to closed-loop MIMO, if rank adaptation is adopted for open-loop transmission, the procedures at UE and NodeB should be defined in the standard. 
6.1 Procedure at UE side

From our study ‎[5] , it is observed that the open-loop rank adaptation can be based on instantaneous SINR or long term SINR based on shadowing measured at UE. The performances of these two approaches are very close. As rank adaptation based on instantaneous SINR measured allow UE to use the similar procedure for closed-loop rank adaptation, it is more preferable than the one based on the long term SINR and is therefore recommended here
The procedure for rank adaptation based on the instantaneous SINR measured at UE, can be as follows
1. Based on the DL reference symbol, the UE receiver estimates the channel and calculates effective SINRs for both SFBC and SM, denoted  as
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3. Making a comparison between two computed capacities, UE decides whether SFBC or SM should be used, i.e.,
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4. The UE feedbacks the rank of the transmission to Node B along with the SINR calculated for that rank. Note that the rank feedback can be done per TTI or per several TTIs. 

6.2 Procedure at  NodeB side

If rank feedback is based on instantaneous SINR calculated at UE, an observation sliding window can be used at NodeB to make the final rank decision. Within such observation window, the NodeB can count number of rank-1 and rank-2 indicators, if there are more rank-1 indicators than that of rank-2, the NodeB will choose rank-1 and transmit SFBC,  while if there are more rank-2 indicators than that of rank-1, the NodeB will choose rank-2 and transmit spatial multiplexing (SM). The rank selection made by Node B could override the rank indicator feedback from UE, this will allow NodeB to have more control on the rank adaptation. 
The procedure illustrated in this section is for 2x2 system only. For 4x2 system, the similar procedure can be defined. 
For the above analysis, it can be noticed that the open-loop rank adaptation based on instantaneous SINR is very similar to that of the closed-loop and therefore, the similar procedure at UE to feedback rank information can be re-used. At Node B, for open-loop rank adaptation, the Node B can use a sliding window to average feedbacks from UE and override the rank decisions made by UE. That will give NodeB more power in controlling rank adaptation   

7 The Signalling for Open-Loop Rank Adaptation

 For open-loop rank adaptation, it can re-use the uplink and downlink signalling from the closed-loop rank adaptation. For example, in downlink control channel, the rank assignment bit can be applied to both open and closed-loop. For uplink, the same rank and CQI feedback channels can be used for both open and closed-loop. For open loop, as PMI feedback is useless, it is recommended to not feedback this information to save the control channel bandwidth. 
8 Conclusions
This contribution tries to put together some in depth discussion regarding open-loop MIMO transmission and answers some questions raised from the open-loop transmission. Through analysis and referring to some simulation results reported separately in other papers, the following observations and conclusions can be obtained as follows:

1. Open loop MIMO transmission is very important as it covers quite a large mobility range of UE. More efforts should be devoted at LTE to this area to define a good system for open-loop transmission.
2. Similar to the closed-loop MIMO , it is strongly believed that rank adaptation is also needed for open-loop MIMO, to enhance the performance for UE peak data rate, system throughput and coverage. 

3. Transmit diversity such as SFBC for 2-tx and SFBC+FSTD for 4-tx should be used for rank-1 open-loop transmission. For rank-2 or more transmission, precoding with PMH or other candidates such as double SFBC shall all be considered. 
4. The open-loop rank adaptation therefore should be accomplished between transmit diversity such SFBC or SFBC+FSTD and SM (multiple rank transmission)
5. Using closed-loop precoding for high mobility UE would require unnecessary overhead and yet generate worse performance than the open-loop mode introduced here.

6. The open-loop rank adaptation can be based on the instantaneous SINR measured at UE. The NodeB should have the authority to do some averaging on the rank feedback and override the rank decision made by UE. The complexity of open-loop rank adaptation procedure is very similar to that of closed-loop rank adaptation. 

7. The open-loop rank adaptation can re-use the signalling bits for closed-loop rank adaptation. 

So in conclusion, open-loop rank adaptation should be adopted in LTE for open-loop transmission of high mobility UE as the impact of such features to both UE and NodeB are minimum and yet the benefit it brings to the UE and the system is magnificent. 
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