Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #80
R1-150335
Athens, Greece, 9th – 13st February 2015
Agenda Item:
6.2.1
Source: 
Ericsson

Title:  
Text proposal on Enhanced uplink (EUL) coverage improvements
Document for:
Discussion and Decision
1 Introduction

At RAN#65, a study on ‘Small Data Transmission (SDT) Enhancements for UMTS’ was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be considered is coverage of small data transmissions, and during RAN1#79 a comprehensive evaluation of the Maximum Coupling Loss (MCL) for different physical channels was performed [2-9]. EUL was identified as one of the main bottleneck areas where improvements will be required.
In this contribution we provide a Text Proposal (TP) that is intended to capture the investigations and findings related to the coverage improvements for EUL described in [10].   

2 Text Proposal
---------------------------------------------------------------- Text start ------------------------------------------------------------------
6.1.3.X
Enhanced uplink coverage enhancements

6.1.3.X.X Analysis on E-DPCCH and E-DPDCH time multiplexing techniques
For HSPA operation a number of uplink physical channels are transmitted simultaneously in a code-multiplexed manner (see [X] for more details). In what follows, these channels are discussed and some observations related to coverage enhancements are made:
· DPCCH - The DPCCH carries pilot bits and TPC bits (FBI and TFCI are considered unnecessary for an SDT device). The TPC bits are used to power control the downlink (F-DPCH) and the pilot bits are required for channel estimation purposes. Both the TPC bits and the pilot bits will be needed for coverage limited SDT applications. The pilot bits will, however, be of particular importance, since the more pilot bits, the less power needs to be spent on DPCCH for accurate enough channel estimation. Hence, maximizing the number of pilot bits in the DPCCH slot format is preferred.

· E-DPCCH - The E-DPCCH carries control information related to the E-DPDCH and consists of E-TFCI (7 bits), RSN (2 bits) and happy bit (1 bit). For coverage limited SDT application, it seems reasonable that some of this information can be restricted. For example, the number of transport block sizes (E-TFCI) can be significantly reduced or even fixed to one value and the happy bit can potentially be removed. The RSN can be used by the decoder to know the redundancy version in incremental redundancy coding, but in general this can be deduced without the RSN due to the synchronous and non-adaptive HARQ procedure used in the uplink. Hence, restricting operation to Chase combining would, from a coding point of view, mean that the RSN could be reduced to a 1 bit ‘new data indicator’. However, the main reason why the RSN consists of two bits instead of one bit is to help identifying signalling error cases in SHO operation. Hence, the RSN needs to be kept or SHO operation needs to be restricted.  

· E-DPDCH - The E-DPDCH carries data and different rates are supported via code multiplexing, different coding rates, different modulation schemes, and different spreading factors. For coverage limited SDT devices, small transport block sizes (e.g. 120 bits) should be employed, and the number of possible transport block sizes can be significantly reduced or even fixed to one value.

HS-DPCCH - The HS-DPCCH carries DL related feedback that is needed when HSPA is configured. The HS-DPCCH consists of ACK/NACK and CQI/PCI information. As was seen in [X], the HS-DPCCH can become very costly in terms of power unless very many repetitions are used. Current specifications do not allow more than four repetitions and extending the number of repetitions will impact various system aspects, such as imposing scheduler restrictions and delays. An alternative of employing repetitions could be to remove the channel completely for coverage limited operation. This can be compared to Rel-7 CELL-FACH where it is not possible for the UE to transmit the HS-DPCCH in the uplink. In this case the Node B needs to blindly decide whether to schedule a retransmission and an estimate of the supported data rate can be made from UE measured CPICH power provided by the RNC over the Iub frame protocol. Hence, a similar approach can be adopted for a coverage limited scenario, especially if EUL is configured and active simultaneously. A potential enhancement would be to include a limited CQI report in another uplink physical channel. For example, some of the E-TFCI bits in the E-DPCCH can be used to signal a limited set of CQI values. A similar approach could be envisioned for ACK/NACK information, but one complication is that HS-DPCCH is not time-synchronized with UL DPCCH, which could affect the DL HARQ timing.
One way of enabling more power per channel, and thereby increase coverage, is to time multiplex the channels. One obvious candidate for such time multiplexing would be to time multiplex E-DPCCH and E-DPDCH, since E-DPCCH can have a significant power cost in scenarios where multiple E-DPDCH transmissions with small transport block sizes and soft combining are required 

One possible E-DPDCH and E-DPCCH time-multiplexed design is outlined in Figure X. The main idea is that for each HARQ process, the E-DPCCH is first transmitted in one subframe, followed by one or more bundled associated E-DPDCH transmissions in subsequent subframes (corresponding to the specific HARQ process). Some further details include: 

· Each bundled transmission is acknowledged (via E-HICH) according to existing mechanisms. Hence, bundled transmissions are combined with legacy retransmission procedures. As an example, if the maximum number of transmissions is set to 4 and 3 E-DPDCH transmissions are bundled, then a maximum of 12 E_DPDCH transmissions can be performed. One question is whether intermediate transmissions also should be acknowledged. This would not affect the overall transmission structure (i.e. the network would always assume that all bundled E-DPDCH transmissions occur before the next E-DPCCH), but could allow the UE to DTX parts of the E-DPDCH transmissions and thereby saving power. A related question is whether E-DPCCH transmissions also should be acknowledged. This could potentially help identifying signalling error cases.

· The current HARQ process structure and HARQ timing (round trip time) are kept. The MAC protocol needs, however, to keep track of whether the transmission is an E-DPCCH or an E-DPDCH and whether transmission info should be updated or not, e.g. E-HICH feedback, RSN, etc.

· The E-DPCCH structure can be kept, but the information could potentially be re-interpreted somewhat. For example, a new E-TFCI table can be introduced, where a subset of the E-TFCIs relates to the special coverage limited operation with time-multiplexing of E-DPCCH and E-DPDCH. This subset of E-TFCIs can carry different information, for example, how many consecutive E-DPDCH transmissions that are bundled. One example is shown in Figure Y, where E-TFCIs 1 to 3 correspond to a coverage limited scenario using the default coverage limited TBS (e.g. 120) and three, two or one bundled E-DPDCH transmissions, respectively. For example, HARQ process one uses E-TFCI 1 meaning that each E-DPCCH is associated with three E-DPDCH transmissions, HARQ processes two and three use E-TFCI 2 meaning that each E-DPCCH is associated with two E-DPDCH transmissions and HARQ process four uses E-TFCI 3 meaning that each E-DPCCH is associated with one E-DPDCH transmission.

· The number of bundled E-DPDCH associated with one E-DPCCH is a trade-off between latency, control channel overhead, and flexibility. Different processes can potentially use different bundling patterns.

· The time-multiplexed scheme can co-exist with normal code-multiplexed operation. For example, consider Figure Y, where E-TFCIs 1 to 3 are associated with time-multiplexed operation. Then all other E-TFCIs can be associated with ordinary code-multiplexed operation. Hence, if the UE, for example, choses E-TFCI=15, then ordinary code-multiplexing is used, while if E-TFCI 2 is chosen, then time-multiplexed operation with two bundled E-DPDCHs is employed. A SDT device would then be configured with the special E-TFCI table and depending on the currently used E-TFCI, either code or time multiplexing is used. This would enable support for the special coverage extension for the UEs that need it, while other UEs in more favourable conditions could still reach high bitrates and reduced latency by using higher E-TFCIs (possibly all the way up to what existing TB size tables support).

·  An alternative would be to re-configure time-multiplexing when becoming coverage limited and rely on ordinary code-multiplexing otherwise. However, it is very difficult (non-robust) to dynamically re-configure when the UE becomes power limited since the reliability of signalling decreases significantly resulting in an unpredictable behaviour. 
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Figure X. Illustration of E-DPCCH and E-DPDCH time-multiplexed operation. In this example HARQ processes one, two, three and four use a bundle length of 1, 2, 2, and 3, respectively. The TTI length is 10 ms.
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Figure Y. More detailed illustration of E-DPCCH and E-DPDCH time-multiplexed operation. The TTI length is 10 ms.
The analysis made on the EUL indicates that an alternative for improving the overall uplink coverage by several dBs could consists in operating time-multiplexed the E-DPDCH and E-DPCCH since for small data transmissions the control is almost equally costly in terms of power than the data channel. 
--------------------------------------------------------------- Text end ------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal: Agree on the text proposal presented in this document and capture its content in the TR for the study on Small Data Transmission Enhancements for UMTS
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