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1. Introduction
One objective mentioned in the approved study item proposal on the Rel.11 Enhanced UL (referred to as eUL thereof) [1] is given below:

· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation

· uplink channel-independent MIMO schemes

· enhancements to uplink power control 
….

The study shall take other work for LTE Rel-11 into account and priority shall not be given to revisiting aspects already sufficiently addressed in Rel-10.
Since there is a separate agenda item for practical UE implementation issues, we will focus on the highlighted aspect of the above SI proposal. From the above description, one may infer that the two sub-bullet points are the proposed enhancements for the new deployment scenarios. 
In this contribution, we discuss each of the proposed enhancements.  

2. Discussion 
We will discuss each of the proposed enhancements within the context of the new deployment scenarios mentioned above. 
2.1. Uplink Channel-Independent MIMO Schemes
We first look into the issue of higher mobility scenario. 
In the Rel.10 timeframe, several uplink channel-independent Tx diversity schemes were studied for data transmission. It should be noted that Tx diversity attains the same peak data rate as single-antenna transmission. Hence, it is intended for coverage improvement in scenarios where the channel information at the eNodeB is not reliable.  After some extensive discussion and simulation study, it was decided that transmit diversity is not supported for Rel.10 due to lack of consensus [4]. A number of results demonstrated that standard-transparent solutions (e.g. long-term beamforming/precoding) can rival the performance of open-loop Tx diversity at higher mobility – where Tx diversity shows some gain over single-antenna or channel-dependent precoded spatial multiplexing.  That being said, higher mobility deployment scenario has been considered in the Rel.10 timeframe. Hence, it is not a new deployment scenario in a strict sense. In this case, no consensus was reached on the gain of standardized channel-independent Tx diversity schemes and hence on the need for standardizing such feature. Hence, following the spirit of the SI proposal (highlighted in Section 1), this issue should not be revisited. 
The next logical scheme to consider is channel-independent spatial multiplexing. In this case, the following can be said:
· At higher mobility, channel-independent spatial multiplexing is not likely to be used either. This is because the estimated uplink channel quality at the eNodeB (obtained via SRS) tends to be inaccurate unless SRS is transmitted very frequently. In such scenario, the eNodeB may configure the UE to utilize single-antenna transmission. Alternatively, some type of standard-transparent Tx diversity can be applied as well. Therefore, while some gain over the Rel.10 channel-dependent spatial multiplexing can be demonstrated at sufficiently high mobility, the use of single-antenna and standard-transparent Tx diversity should also be used as the baseline.  

· With the currently specified spatial multiplexing scheme, it is also possible to perform fixed precoding or simply adapt the precoding matrix based on some long-term channel information gathered at the eNodeB. Hence, even if a channel-independent spatial multiplexing scheme is desired, the current Rel.10 specification provides ample support for such scheme. It is unclear how much gain other schemes (e.g. precoder cycling as used in downlink open-loop spatial multiplexing) can offer on top of what is already supported in Rel.10.
We then discuss the applicability of the above schemes in non-uniform network deployment scenarios. Non-uniform network deployment exhibits more challenging interference profile even for low mobility. This can further degrade the accuracy of channel quality information at the eNodeB. At a first glance this may add onto the justification for introducing a standardized channel-independent spatial multiplexing. However, the above arguments still apply. That is, if such challenging interference scenario is encountered, the eNodeB can still utilize single-antenna transmission, standard-transparent Tx diversity, or the Rel.10 spatial multiplexing scheme in conjunction with more conservative precoding adaptation. Furthermore, it should be noted that a host of ICIC schemes enabled by Rel.10 (and potentially Rel.11) are also available to manage/coordinate the inter-cell interference. This should be taken into account if RAN1 intends to study any type of channel-independent multi-antenna scheme in such scenarios. 
Proposal: 
Studying channel-independent MIMO schemes in the context of new deployment scenarios (specified in the SI proposal) should not be given high priority in the Rel.11 eUL SI:

· This includes a standardized uplink channel-independent Tx diversity (already sufficiently studied in Rel.10 and rejected) and channel-independent spatial multiplexing (the currently supported uplink spatial multiplexing can be used for this purpose).

2.2. Enhancement to UL Power Control
The Rel.8/9/10 uplink power control is comprised of short-term and long-term components [5]. Essentially, the short-term component is adjusted via TPC and the long-term component is associated with the pathloss measurement (PL). It was designed with a conventional cell topology (i.e. uniform deployment) in mind. When non-uniform deployment scenario is considered, several possible new scenarios may emerge such as the use of UL COMP (where the UL COMP set can be made transparent to the UEs) as well as heterogeneous setups. In such case, multiple possibilities exist for the UE to select a serving (uplink) eNodeB, e.g. in terms of the pathloss measurements. The existing uplink power control mechanism may not sufficiently address such scenarios.

With this in mind, several solutions (modifications to the Rel.8/9/10 mechanism) are possible and should be further studied. Backward compatibility with Rel.8/9/10 mechanism is an important factor for selecting the scheme. 
Proposal:

Study schemes to improve the Rel.8/9/10 uplink power control scheme to enable efficient operation in non-uniform deployment scenarios such as UL COMP and heterogeneous setups.
3. Conclusion

In this contribution, we discussed some potential enhancements in the context of new deployment scenarios for the enhanced Rel.11 uplink for LTE. Our current view is summarized below:
· Studying channel-independent MIMO schemes in the context of new deployment scenarios (specified in the SI proposal) should not be given high priority in the Rel.11 eUL SI:

· This includes a standardized uplink channel-independent Tx diversity (already sufficiently studied in Rel.10 and rejected) and channel-independent spatial multiplexing (the currently supported uplink spatial multiplexing can be used for this purpose).

· Study schemes to improve the Rel.8/9/10 uplink power control scheme to enable efficient operation in non-uniform deployment scenarios such as UL COMP and heterogeneous setups.
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