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1. Introduction
It was pointed out in the RAN IMT-A workshop that the broadband wireless market in India will reach a significant number by year 2012 [1]. The operators in India are looking for promising technologies that can cater to their needs. A country like India is looking for technologies that can offer reliable broadband communication at a low cost (cost per bit transmitted). It was pointed out in [2] that urban wireless systems in India are highly interference limited. There are a significant percentage of users near cell-boundaries. Moreover, a vast majority of the wireless users are either fixed or nomadic. Under such cases efficient system design can be done to improve performance. It was also pointed in the RAN Chairman minutes [3] that the LTE-A system will be optimized for low mobility applications. We expect LTE-A to incorporate features which serve the Indian scenario well.
This document focuses on some essential features of the air-interface and discusses the basic framework for the development of the technologies capable of satisfying the requirements from an Indian perspective. We propose some improvements to the LTE framework which can cater to these needs. 
2. Requirements for LTE-A
a. On the DL and UL grant:
It is expected that the system will be loaded with a significant percentage of voice or voice related traffic. Control and data paths for such schemes should be offered with robust, low-latency channels. UL grant should be robust enough to support low-latency, low bit-rate streams like TCP ACK / NACK reliably without delay. The downlink grant should exploit well the property of the slow varying channel. The grant allocation should go beyond the current localized methods and also be optimized under distributed allocations. It should also be flexible enough to exploit inter-eNB cooperation.

b. On the reference signals:
The downlink reference signals (RS) should be optimally allocated / used, based on the interference power and mobility experienced by the user. Different RS allocations and preamble designs should be provisioned for the following scenarios:

i. Low mobility, high interference

ii. High mobility, low interference

iii. High mobility, high interference

It is widely understood that common (distributed) RS’s do well when the interference levels are high. Similarly user specific RS’s (localized) works well in low mobility cases. For the different cases mentioned above, a combination of these RS categories should also be considered.
The RS density as per existing LTE specification favours high mobility applications. This adds redundancy in the case of low mobility cases. We are looking for a scenario where LTE-A supports variable densities of RS for different mobility applications.
The LTE-A system should also consider optimization under distributed allocation mode. This is necessary for sending occasional low-latency, high-reliability traffic. The UL RE’s should be designed to support such framework.
The RS design should be good enough to provide an interference free measurement of the channel. It should be possible to estimate the channel from adjacent eNB’s, which is essential for interference mitigation / cancellation.

c. On MIMO features:
MIMO forms a major feature in a broadband wireless system. It is essential to improve the spectral efficiency of the wireless system. MIMO with smart antenna precoding can be used in interference mitigation. Such a technique needs to be efficiently used.

Under low mobility conditions, precoding using feedback from the UE is a good technique to improve the throughput. A moderately larger codebook size, supporting up to 4-layers of MIMO transmission should be used. Such a system should be however optimized for 4x2 MIMO configurations in the downlink and 2x4 in the uplink. It is widely understood now that eNB performs rank-1 transmission a significant percentage of time. Hence the codebook should be optimized for such a scenario, taking into account Tx / Rx correlation, polarization effects and key-hole effects at the UE, etc. It is also necessary that the choice of code book does not add significant complexity to the LTE-A UE.

There should be provisions in the standard to facilitate cooperative / non-cooperative precoding across neighbour eNB's. With low mobility, the round trip time is good enough to support centralized / distributed precoding. The LTE-A eNB should have such features incorporated into it. In general, MIMO should be used to improve the SINR in the system. Considering the fact that large numbers of UE remain in the cell-edges, precoding should also be used to improve cell-edge throughput.
d. Some general aspects:
The method of loading coded data into the transport blocks need to be revisited. The presence of non-overlapping RE’s has an impact on the neighbouring cell user’s data. The mapping should differentiate the way systematic and parity information is mapped into the transport block.
Adequate low latency and sufficient bandwidth in the backhaul should be made available to support inter eNB cooperation, at least for cell edge users.

Over the years signal processing techniques has grown leaps and bounds and there is a wealth of information available for implementation. The semi conductor industry is also maturing to catch up with the advancements. It is in 3GPP’s interest while designing next generation systems that such improvements are taken into account. RAN1 should revisit the baseline requirements of a LTE-A eNB and UE, to capture some of these advancements.
3. Conclusions
Following up with the IMT-A workshop where India specific requirements were presented, we have emphasized in this document some of the key features expected from an emerging standard to match the Indian wireless industry requirement. We have reviewed some of the key areas which LTE-A should address to match the requirements. We have emphasized the need to update the understanding in the LTE terminology and use cases. We have highlighted a set of enhancements to facilitate deployment of LTE-A systems in a cost effective manner. We expect that LTE-A full fill the requirements of the emerging Indian wireless market.
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