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1 Introduction

This document discusses UE transmit antenna selection as defined in section 8.7 of TS 36.213.

The proposed changes to the feature specification described in [3] are intended to extend closed-loop transmit antenna selection (where the eNB controls selection of the UE transmit antenna using commands) to cover TDD in addition to FDD. However, closed-loop antenna selection is perhaps not the best-performing scheme for TDD and carries unnecessary associated overheads. Open-loop antenna selection (not precluded by the current specifications) is often more appropriate for TDD due to the presence of channel reciprocity.
There would appear to be interest both in supporting open-loop antenna selection and closed-loop antenna selection for TDD. It is apparent however from recent email discussions since #54bis that there is some confusion and misunderstanding concerning this feature and what it is intended to achieve. It is the aim of this document to promote discussion and provide a complete specification of the feature for both closed-loop and open-loop operation. This is understood to allow both UE and eNB vendors to implement the scheme of their choosing and does not enforce implementation of open-loop antenna selection in the UE, or support for this at the eNB.
This discussion document provides the following:

· A summary of the benefits of open-loop UE transmit antenna selection.
· A suitable proposal to enable correct specification for both closed-loop and open-loop UE transmit antenna selection. A number of issues with the current proposal are highlighted with a suggestion for suitable modifications.
· A way forward on suitable signalling to provide freedom of implementation for both closed-loop and open-loop implementations.

Further discussion of this feature related to the interaction between RAN1 and RAN2, and RRC signalling is considered in [1].
2 The benefits of open-loop UE transmit antenna selection

Open-loop antenna selection is particularly applicable for TDD due to the presence of short-term channel reciprocity. The benefits of open-loop UE transmit antenna selection can be summarised as:
· Lower signalling overheads.
· Faster update rates (applicability for higher speeds).
· No C-RNTI space reduction.
· Continued applicability to VoIP and SPS-based scenarios.
2.1 Overview

The proposed changes to UE transmit antenna selection in [3] are intended to allow closed-loop transmit antenna selection for TDD in addition to FDD. The use of closed-loop UE transmit antenna selection for TDD is of questionable technical benefit given that TDD is in a position to exploit channel reciprocity. Unnecessary measurements, signalling overhead, processing, and delay is incurred for an eNB to instruct the UE to transmit from a particular antenna when the UE already has the ability to obtain an adequate understanding of the channel to make an informed decision using for example common reference signals. Open-loop operation results in a lower signalling overhead, since SRS is not needed, and no antenna selection commands are required. From an implementation point of view, autonomous antenna selection sees no reduction in the C-RNTI space and no issues over the use of SPS – both these aspects are described in more detail in the following sections. Since decisions are being made locally in the UE faster updates (lower loop delay) can be achieved and hence better performance is provided together with applicability for a wider range of UE speeds.
2.2 Semi Persistent Scheduling (SPS)

Higher layer specifications allow for semi-persistent scheduling (SPS).
Resources to be used by SPS are configured by L3 signalling (RRC). Activation (when to use the resources) is controlled by MAC via an SPS grant message which is mapped on to the PDCCH but masked with SPS-RNTI rather than C-RNTI. The UE can use the uplink resources until it receives a MAC indication to release them. In this mode, the control overhead associated with having to send L1/L2 (i.e. PDCCH) grants for each unit of data is avoided. SPS is beneficial for long term, relatively steady, traffic such as voice; SPS is often assumed for VoIP.

In contrast there is the normal dynamic scheduling of uplink resources using PDCCH, (DCI format 0). The closed-loop transmit antenna selection commands may be sent whenever this grant channel is sent. For SPS, the closed-loop feedback for antenna selection from the eNB may have no vehicle on which to be sent to the UE. In contrast, the UE-based selection scheme (possible for TDD), does not rely on the PDCCH commands to work. It just needs a DL channel estimate (using common reference signals which are always there) to know which antenna is best. Hence the UE selection scheme can continue to work for SPS and VoIP-like scenarios, whereas the command-based scheme suffers limitations. The situation is summarised in Table 1 below in which it is clear that there are benefits to UE-based (open-loop) transmit antenna selection scheme in the case of TDD.
	Scheme
	Dynamic UL Scheduling (using PDCCH)
	Semi-persistent Scheduling (RRC)

	Command-based (using L1/2 grants on PDCCH - DCI 0)
	Slow update rate
	Limited applicability

	UE-based (using downlink channel estimation, common RS only)
	Fast update rate
	Fast update rate


Table 1 UE transmit antenna selection usability based on scheme.

2.3 C-RNTI

In the case where UE transmit antenna selection is configured by higher layers, following attachment of the CRC parity bits of PDCCH with DCI format 0 the CRC is scrambled with the corresponding C-RNTI and then the antenna selection mask. This procedure is described in subclause 5.3.3.2 of TS 36.212. The antenna selection mask toggles the LSB to indicate the respective transmit antenna port for the UE to use.

The behaviour of the antenna selection mask effectively reserves two C-RNTIs for each scheduling mechanism. Only one C-RNTI value should be signalled to the UE while the other is implicit to the allocated C-RNTI. Within the context of this document these C-RNTIs are termed Primary and Secondary C-RNTIs respectively.

Work is currently being undertaken in RAN2 to understand, from the point of view of C-RNTI allocation, the different modes of operation for UE transmit antenna selection [2].
Generally however, C-RNTI management is summarised in Table 2 based on antenna selection mode.
	UE antenna selection mode
	Higher layer configuration
	C-RNTIs occupied

	Closed-loop



(Mode 1)
	Use antenna selection commands
	Primary & Secondary

	No antenna selection

(Mode 2)
	Use antenna selection commands
	Primary only

	Open-loop



(Mode 3)
	Don’t use antenna selection commands
	Primary only


Table 2 C-RNTI usage based on antenna selection mode.

Based on that presented in Table 2 it is apparent that there is no C-RNTI space reduction for open-loop UE transmit antenna selection.

3 Analysis of current proposal for UE Transmit Antenna Selection

This section analyses the current proposed modification to section 8.7 in TS 36.213, highlights the short-comings of the proposal, and suggests an alternative proposal in order to complete the specification of the feature.
3.1 Current proposed specification
The current text proposed in R1-084024 is presented in Figure 1.
8.7

UE Transmit Antenna Selection 

UE transmit antenna selection when configured is only applicable with DCI Format 0 and FDD.

Figure 1 Current proposed text in R1-084024 modifying section 8.7 in TS 36.213.

The text proposed in Figure 1:

· Makes closed-loop UE transmit antenna selection applicable to TDD in addition to FDD.

Issues with the text proposed in Figure 1:

· The language is terse and open to varying degrees of interpretation. It furthermore does not address all aspects of UE transmit antenna selection behaviour.  This is needed in the specification - a case in point is the confusion, and lack of clear consensus, during email discussion on the RAN1 reflector following #54bis.
· An unwritten agreed understanding of behaviour explained on the email reflector is not sufficient for a stable specification.

· No specification of what happens when UE transmit antenna selection is not configured is provided. In this case the UE can degrade network performance based on a mismatch between the network’s expectation of UE behaviour and the actual UE behaviour.
· As a result of the change then the only thing that is definitely permitted is TDD closed-loop transmit antenna selection, which is of questionable technical value compared with the benefits of TDD open-loop transmit antenna selection.

· The proposed modification is not aligned with the CR coversheet in R1-084024, which in itself provides valuable motivations for this feature from the point of view of TDD operation.

3.2 Proposed revised specification
A revision to the text in R1-084024 is presented in Figure 2.
8.7

UE Transmit Antenna Selection
UE transmit antenna selection when configured is only applicable with DCI Format 0 and FDD.

If configured by higher layers, the UE shall perform transmit antenna selection in response to commands received via DCI Format 0 [4].
When the use of these commands is not configured by higher layers, the UE shall select the transmit antenna.
Figure 2 Proposed text for inclusion in section 8.7 in TS 36.213.

Advantages of the text proposed in Figure 2:

· Completes the specification. Removes ambiguity but preserves the proposal of the CR in R1-84024.

· Properly specifies both closed-loop and open-loop antenna selection.

· The proposed text is aligned with the CR coversheet in R1-084024.

· The proposed text clarifies the understanding that the UE may select the transmit antenna if allowed to do so by the network (as was also the understanding of companies on the RAN1 email reflector).
· The proposed text avoids issues for uplink channel estimation where the UE autonomously changes antenna without the eNB’s knowledge. The eNB is in full control of whether the UE may or may not be allowed to select its transmit antenna.
· By inclusion of the second sentence, the situation is avoided in which one eNB vendor assumes the UE will not be changing its transmit antenna, whereas another vendor assumes that the UE is changing its antenna. With the addition of the second sentence it is clear that the eNB cannot rely on the UE using the same transmit antenna, unless it configures it to do so (which can be achieved via repeated use of the same closed-loop command or via additional higher layer signalling).

4 Way forward

This section proposes a way forward on a suitable signalling approach to provide a fully flexible configuration of both closed-loop and open-loop UE transmit antenna selection. The approach:

1. Provides the network operator with knowledge of the UE behaviour and does not risk variability of interpretation due to an incomplete LTE specification. This improves interoperability of LTE devices and infrastructure.
2. Allows full freedom of implementation for both UE and eNB vendors. If a UE vendor does not wish to implement open-loop selection, it may do so. If an eNB vendor wishes to prevent UEs from using open-loop selection, this may be configured.
Figure 3 provides a representation of the control paths for the text proposal in Figure 2. In addition a possible new configuration (Mode 4) is suggested for explicit signalling of a scenario where the UE is not permitted to perform autonomous transmit antenna selection. Although this mode of operation may be equally achieved using Mode 2, it provides a more explicit indication and could help to clarify the specification.
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Figure 3 Representation of control paths for UE transmit antenna selection

Note: For Mode 2 a UE defaults to antenna port #0 in the absence of closed-loop commands given the antenna selection mask specification in Table 5.3.3.2-1 in TS 36.212.

5 Conclusion
RAN1 is encouraged to adopt a holistic solution for the UE transmit antenna selection feature covering both closed-loop and open-loop operation and leaving no ambiguity for implementation. This document contains such a proposal in addition to providing a way forward on achieving a configuration disabling UE autonomous antenna selection.
It is proposed that the text presented in Figure 2 be adopted for use in section 8.7 of TS 36.213.
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