3GPP TSG-RAN WG1 #59
R1-094444
Jeju, South Korea, November 9 – 13, 2009

Source:
Ericsson, ST-Ericsson

Title:
Discussions on TxD for PUSCH 

Agenda Item:
7.5.2.3
Document for:
Discussion and Decision

1. Introduction
LTE Rel-10 will provide support for spatial multiplexing with up to four layers spatial. This improves the peak rate with a factor of four compared to Rel-8/9 and ensures that peak spectral efficiency requirements of ITU and 3GPP are satisfied. As part of spatial multiplexing, codebook based channel dependent precoding with dynamic rank adaptation is agreed. This is controlled from the eNodeB side which strives for adapting the transmission from the UE so that it matches the channel properties. In this way, even single-layer transmission can be conducted when the channel conditions are challenging. 

While the concept of spatial multiplexing has progressed quite far in 3GPP, discussions on the whether to support transmit diversity in the uplink have only recently started as evident from the MIMO session’s chairman minutes of TSG RAN1 #59
· Need more discussion on the need to introduce TxD in Rel-10

· Identify target use cases where 2 TxD bring additional benefit, compared to existing single antenna mode and SM mode

· Take into account performance, power consumption, etc

This contribution discusses uplink transmit diversity and arrives at the conclusion it is highly uncertain whether there is sufficient justification for introducing TxD for PUSCH.
2. Need of TxD
For low mobility scenarios, channel dependent precoding in the spatial multiplexing mode is clearly better as the UE is able to track the instantaneous channel realization thereby focusing the transmission in “directions” which are strong, thus providing array gain and raising the SINR on the eNodeB side. The primary use case of TxD is therefore limited to high mobility scenarios. But it is not obvious that TxD provides sufficient gains over existing methods even in such situations. As demonstrated in [2] 
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[3] , correlation is a long-term property of the channel and if there is significant correlation it is possible to enjoy array gain even when the mobility is high. At the same time, there are some indications that 1 Tx transmission solely relying on receive diversity and possibly frequency hopping may perform sufficiently well [3] .
Observation

· Long-term channel dependent precoding in the existing spatial multiplexing mode may provide competitive performance in low as well as high mobility situations
· High mobility potential use case for TxD
· The capabilities of 1 Tx transmission in high mobility scenarios need more careful studies
Rel-8/9 UEs will be very common for the foreseeable future. Hence, from a coverage point of view, networks need to be planned with the same coverage in mind regardless whether Rel-10 UEs have TxD or not. Hence, TxD can at most give improved throughput performance, but not extend the coverage. Such potential improvements should however be assessed in view of the extra complexity in specification, implementation, testing and validation of supporting additional transmission modes. 
Observation

· TxD has a potential for throughput improvement but not clear whether sufficient gains are achieved

· TxD adds complexity in the areas of specification, implementation, testing and validation

· Possible gains need to weighed against these challenges 
The benefits of TxD in general fall into two categories; diversity and the ability to fully use PA resources to avoid over-dimensioning. The latter is the primary reason why TxD is available in the downlink while the diversity benefit on PDSCH often is rather limited as additional diversity on top of the already existing receive and frequency diversity tends to give diminishing returns. 
For the uplink, it is clear that a Rel-10 has to be able to mimic the functionality of a Rel-8/9 UE, including fulfilling the corresponding output power requirements to function in networks supporting only Rel-8/9. Thus, in contrast to the downlink, full use of PA resources does not provide motivation for TxD in the uplink as the UE already needs to handle that by other means. It therefore remains to be seen whether increased diversity alone is enough to justify TxD in the uplink, where both multiple receive antennas as well as frequency hopping might be employed to achieve substantial diversity. Consequently, it does not appear surprising that gains could be relatively small [3] .
Observation

· Full use of PA resource not a reason for introducing TxD as UE anyway needs to implement single antenna transmission with full power from one antenna
· Not clear whether the additional Tx diversity on top of receive and frequency diversity inherent in single antenna transmission provides enough gain to justify standardizing TxD 
In [6] , it is mentioned that TxD may reduce the power consumption since the performance is improved and the UE could use that to lower its output power while maintaining the same performance as without TxD. It appears highly uncertain whether this is indeed the case considering that is may be more efficient from a power consumption point of view to use a single PA instead of multiple PAs.

Observation

· Not clear whether TxD is attractive from a power consumption perspective as considerable power saving may be achieved by only using a single PA instead of multiple PAs
3. Staying Clear of Unreasonable TxD Schemes
If it turns out that RAN1 decides on additional standardization support for TxD, performance is not the only factor to consider. Complexity in terms of standardization, implementation, testing and validation efforts on UE as well as eNodeB side needs to be considered. As already noted in e.g. [5], TxD by means of STBC [7] is particularly challenging in this regard as it relies on that the transmission can be divided into pairs of DFTS-OFDM smbols where the channel is relatively constant within such a pair. This results in so-called orphan symbols [] when SRS is transmitted or when frequency hopping is enabled in conjunction with extended CP. To resolve this problem, it has been proposed to use another transmission scheme for the orphan symbols []. Thus, in the same subframe, two different transmission schemes would be used, implying a need to implement two corresponding receiver algorithms and then switch algorithm within the subframe. This is both messy and complicated, as also pointed out in [LGE old conri from Ljubiana].

Observation
· Messy and complicated handling orphan symbols

To bring the discussions forward, a reasonable prerequisite is that we use the same transmisison scheme in the subframe regardless of the configuration, thereby also simplifying the assessment of potential gains.
Proposal

· Same transmission scheme within a subframe
· Rules out STBC, but still includes e.g. PVS, FSTD and M-SFBC etc
It should also be noted that switching transmission scheme inside a subframe complicates and lowers performance of interference suppression algorithms in the eNodeB, which then have to face more non-stationary interference. Even without orphan symbols, SFBC/STBC schemes suffer from the drawback of making interference suppression more difficult or gives reduced performance as SFBC/STBC in general leads to rank two interference unless special precautions are taken to explicitly take the structure two-dimensional structure of SFBC/STBC into account

Observation

· Interference suppression more challenging with multiple transmissions schemes within same subframe and/or with SFBD/STBC

The sheer number of receivers that need to be implemented on the eNodeB side may turn out to be unreasonably large.  A brief look at the way forward in [] reveals that support of TxD may imply that up to four new transmission schemes need to be implemented, two to handle 2 Tx UEs with orphan symbols and two others to handle 4 Tx UEs with orphan symbols. Clearly, there needs bee conclusive evidence of extraordinary gains to motivate such major efforts. In view of the discussion in the previous section, this does not appear to be the case. 
For most schemes, the support of 4 Tx TxD doubles the number of eNodeB receiver implementations hence avoiding the need to specify 4 Tx case by solely considering the 2 Tx case at least puts some kind of limit on the implementation impact. This also appears reasonable in view of the likelihood that 2 Tx UEs will be more common than 4 Tx UEs. A 4 Tx UE may also be able to support 2 Tx TxD mapped to 4 Tx using standard transparent antenna virtualization techniques just as is the case for TxD on PUCCH.
Proposal

· 4 Tx TxD not supported from a standardization point of view 
4. Conclusions
Based on the discussion above discussion the needs of TxD we observe the following:

· Long-term channel dependent precoding in the existing spatial multiplexing mode may provide competitive performance in low as well as high mobility situations
· High mobility potential use case for TxD
· The capabilities of 1 Tx transmission in high mobility scenarios need more careful studies
· TxD has a potential for throughput improvement but not clear whether sufficient gains are achieved

· TxD adds complexity in the areas of specification, implementation, testing and validation
· Possible gains need to weighed against these challenges
· Full use of PA resource not a reason for introducing TxD as UE anyway needs to implement single antenna transmission with full power from one antenna
· Not clear whether the additional Tx diversity on top of receive and frequency diversity inherent in single antenna transmission provides enough gain to justify standardizing TxD 
· Not clear whether TxD is attractive from a power consumption perspective as considerable power saving may be achieved by only using a single PA
To avoid unreasonably complex transmission schemes we furthermore propose 
· Same transmission scheme within a subframe

· Rules out STBC, but still includes e.g. PVS, FSTD and M-SFBC etc
· 4 Tx TxD not supported from a standardization point of view
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