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1 Introduction

In RAN1 #79 potential solutions on signalling optimizations for small data transmissions in UMTS were presented and discussed by the TSG RAN WG1 [1]. In RAN1 #80, the discussions continued, from which suppressing the E-DPCCH transmission has been foreseen as a potential signalling optimization for the small data transmissions in UMTS [2]. 
This contribution is intended to highlight important aspects that need to be taken into consideration if the E-DPCCH is no longer transmitted, which are aspects that shall be addressed in addition of showing the potential gains that can be brought by performing such a signalling optimization for the small data transmissions in UMTS.
2 E-DPCCH based L1 signalling optimizations
In [3], within the context of potential L1 signalling optimization for small data transmissions in UMTS it was mentioned that the “E-DPCCH could be transmitted with reduced power or even be totally muted”. Two possibilities were enunciated as part of this proposal:
· Solution 1: Reduced control information field conveyed on DPCCH: According to this proposal, in the case of small data transmissions, the control information carried on the E-DPCCH may be reduced and conveyed by a new DPCCH structure. More specifically, it has been proposed that if a new DPCCH structure is adopted by the small data transmissions in UMTS, then the E-DPCCH would not be required to be transmitted. As part of this proposal it is mentioned that since for low data rates there is almost no difference in performance between using Chase Combining and Incremental Redundancy, then the RSN field could be removed. Also due to the nature of the small data transmission devices, it is assumed that they won’t have the need of requesting higher grants and therefore the happy bit could be removed. So, based on the above set of assumptions made in [3], it was proposed to adopt for small data transmission in UMTS the new DPCCH structure depicted in Figure 1.
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Figure 1: Proposed new DPCCH structure for small data transmissions in UMTS [3]
· Solution 2: E-DPCCH less: The second proposal assumes that the Node B will be able to deduce the ETFCI chosen by the small data transmission devices if neither buffer nor power limitation exists in the uplink transmission (the above since in theory the selected ETFI would have to be the same as the one indicated by the Serving Grant). In addition, and based on the same reasons stated in the solution 1, neither the RSN nor the Happy Bit would be transmitted. In short, the solution 2 suggest that when all the above set of assumptions hold together, then the E-DPCCH won’t be required to be transmitted (E-DPCCH less). 
Both solution 1 and 2 make assumptions that could potentially be adopted (i.e., upon a consensus at the TSG RAN WG1) by the small data transmissions in UMTS. Nonetheless, apart from the reasoning supporting the assumptions made in solution 1 and 2, there are some other important aspects that have not been taken into consideration for preserving the proper operation of the system, which are described in section 3. 
3 Important aspects of the E-DPCCH
3.1 E-DPCCH overview

The E-DPCCH delivers the information needed to decode the corresponding data channel transmission (i.e., E-DPDCH). The E-DPCCH uses a spreading factor (SF) of 256 and is capable of delivering 30 channel bits in a 2-ms sub-frame. The E-DPCCH uses a (30, 10) second-order Reed–Muller coding, which means that the 10 information bits result in 30 bits to be transmitted over the physical channel. This number of bits can be carried by the E-DPCCH in 2 ms. On the other hand, if the TTI length of the E-DPDCH is 10 ms, then the 30-bit E-DPCCH sub-frame is repeated five times allowing reduced power level. 

The 10 information bits on the E-DPCCH consist of three different fields:

· E-TFCI: The E-DCH transport format combination indicator consists of 7 bits indicating the transport format being transmitted simultaneously on E-DPDCHs. In essence, the E-TFCI tells the Node-B the transport block size coded on the E-DPDCH. From this information the receiver can figure out how many E-DPDCHs are transmitted in parallel and what spreading factor is used.
· RSN: The retransmission sequence number of 2 bits informs about the HARQ sequence number of the transport block currently being sent on E-DPDCHs. The initial transmission of a transport block is sent with RSN equal to 0, the first retransmission with RSN equal to 1, the second one with RSN equal to 2, and all subsequent retransmissions with RSN equal to 3. Moreover, in presence of soft handover, the 2-bit Retransmission Sequence Number (RSN) is used to prevent that the soft buffer be corrupted at the Node Bs (see section 3.2). The use of 2 bits is important to make soft handover less prone to errors.
· Happy bit: Is a single bit which indicates whether the UE is satisfied with the current data rate (i.e., relative power allowed to be used by the E-DPDCHs) or whether it could use higher power allocation.

In addition to the primary tasks related to each of the fields carried on the E-DPCCH there are some other functionalities that make use of them, and that can be easily corrupted if some of the above mentioned fields are completely removed. Some of those parallel functionalities are described in the subsection 3.2 below.
3.2 Implications of no transmitting the E-DPCCH
The E-DPCCH is needed for the proper decoding performance of the E-DPDCH. For example, if the E-DPCCH is missed or the codeword received is incorrect, the HARQ buffers are easily corrupted by inappropriate soft-combining. 
Even under the assumptions stated in [3], there are a set of repercussions if the information fields on the E-DPCCH are not transmitted, which are listed below per information field. 
· E-TFCI: The actual transport format that the UE uses is not known by the system and is therefore signaled explicitly on the E-DPCCH as the E-TFCI. The UE cannot be assumed to utilize its grant fully, since the UE might be power limited or have no data in its buffer, which are situations that are difficult to predict. Therefore, almost the only possibility for avoiding the explicit signaling of the E-TFCI is by using a unique and fixed Transport Format intended to be used only by small data transmissions in UMTS, which would have to be agreed first by the TSG RAN WG1.  
· RSN: The retransmission sequence number not only informs about the HARQ sequence number of the transport block currently being sent on E-DPDCHs, but also provides information about the redundancy version RV which is inferred at the receiver from the explicitly signaled RSN in order to perform the appropriate decoding. The redundancy version is used to derive the parameters s and r. The parameter s controls whether the systematic bits from the turbo encoder are punctured or not, while the parameter r controls the puncturing pattern for the parity bits generated by the turbo encoder. So, even when solution 1 and 2 claim that for SDT it would be possible to remove the RSN since for low data rates there is almost no difference in performance between using Chase Combining and Incremental Redundancy, the use of “Chase Combining” only for small data transmissions in UMTS would have to be agreed first by the TSG RAN WG1. Nonetheless, to have a unique method for performing the soft combining of small data transmissions would not result to be enough, since without the RSN field it would be impossible for the receiver to differentiate between the initial transmission, the first retransmission, and to distinguish among the subsequent retransmissions.  In addition, the RSN is used in order to prevent having uncertainties at the Node Bs when the UE is in soft handover. One example on how the RSN is used to dissipate uncertainties in soft handover scenarios is depicted in Figure 2.
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Figure 2: Importance of the 2-bit RSN for the retransmissions in Soft Handover
From the above diagram is observed that upon the UE’s initial transmission in soft handover (Packet A with RSN = 0), the Node B 2 replied with a NACK while the Node B 1 did it with an ACK, which resulted to be sufficient for the UE to perform a new transmission (RSN = 0). From that point in time, the Node B 2 is expecting a retransmission of packet A with RSN = 1, however thanks to the synchronous hybrid-ARQ operation and given that the received UE’s transmission contains a RSN = 0, the Node B 2 can immediately conclude that it must be dealing with the transmission of a new pack, otherwise if it were a retransmission of Packet A, then RSN would have been equal to one.
· Happy bit: In both solutions 1 and 2 it has been suggested that the happy bit would not be needed by SDT since it is assumed that those applications most likely will not have the need of requesting higher grants. However, removing the happy bit is tightly connected to the assumption that a unique and fixed Transport Format will be used by small data transmissions in UMTS, which as it was mentioned before would have to be agreed first by the TSG RAN WG1.
· Demodulation aspects: The reliability of the control channel must be reasonably high for the proper decoding performance of the E-DPDCH. Therefore, the probability of missed detection should be low, preferably < 0.2%.
 The missed detection probability considering different multipath profiles are illustrated in Figure 3. 
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Figure 3: E-DPCCH Missed Detection performance for a 2ms TTI
The above highlights the importance of the E-DPCCH for the proper decoding performance of the E-DPDCH, Muting the E-DPDCH transmission in the first transmission attempt will require a blind detection/decoding, which is a large step.

· DPCCH aspects: In the uplink there are different slot formats for the DPCCH. The slot format is configured by higher layers depending on the number of bits to be transmitted.
Table 1. DPCCH fields
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Both pilot bits and TPC bits are mandatory within every DPCCH time slot. The pilot bits are included to allow the Node B receiver to maintain synchronization and for channel estimation purposes. The pilot bits can also be used by the Node B receiver to perform Signal-to-Interference ratio (SIR) measurements which are then compared with the uplink SIR target when generating downlink Transmit Power Control (TPC) commands. On the other hand, Downlink TPC bits are included within the uplink DPCCH for downlink inner loop power control in order to instruct cells belonging to the active set to either increase or decrease their transmit powers. The TFCI bits may be included to inform the Node B about the transmitted transport format, while the feedback (FBI) bits are included when closed loop downlink transmit diversity is used. Even if a new DPCCH only preserve the mandatory fields (TPC and pilot bits), it should be noticed that those fields have a variable length because of the different slot formats which would make difficult to carry even a reduced version of the E-TFCI over the DPCCH. More importantly, if aiming at carrying different data than usual on the DPCCH (e.g., E-TFCI on a new DPCCH) we are forced to use a slot format with less pilots (e.g. 6), then there will be a loss in demodulation performance unless more power is allocated to DPCCH, and more power to DPCCH means less power to other channels.
4 Conclusions 

This contribution highlights the importance that each of the information fields carried by the E-DPCCH have when they are decoded at the receiver, in both an explicit and an implicit sense. In general, in order to be able to remove information fields from the E-DPCCH, a set of assumptions for the small data transmissions in UMTS would have to be done first.
· ETFCI & Happy bit: If the E-TFCI information field is going to be removed, then the SDT application most likely shall use a unique Transport Format, which would need to be agreed by the TSG RAN WG1.

· RSN: If the RSN information were removed, then the use of only chase combining for SDT applications would need to be agreed by the TSG RAN WG1. Nonetheless, even if a single method for performing the soft combining were agreed for SDT, still a way of differentiating between the initial transmission, the first retransmissions, and the subsequent retransmissions would be required to be introduced.
· Soft handover: The 2-bit RSN (together with a synchronous hybrid-ARQ operation) are used in soft handover, not having them will lead to have ambiguities that will result in corrupted soft buffers at the Node Bs. 
· E-DPCCH demodulation: Nowadays, the proper decoding performance of the E-DPDCH depends on the reliable detection of the control channel, where the missed detection probability is tried to be kept < 0.2%. So, if the control channel is supposed to do not be transmitted anymore, then on top of the guaranteeing that the decoding performance of the E-DPDCH won’t be affected, a solution would be required to distinguish between E-DPCCH less and the legacy false alarms of the E-DPCCH
. 
· DPCCH: There are different slot format for the uplink DPCCH, sometimes in order to provide more room for the pilot bits, or for increasing the number of downlink TPC bits, or for dealing with compress mode etc. So, even if a reduced range of E-TFCI values were carried over the non-mandatory DPCCH fields, such a reduced range would have to adapt to the variable length of the mandatory DPCCH fields. Nonetheless, the slot format 1 and 3 (which are used for both compress and normal frames) already occupy all or most respectively of the bits used for TFCI and FBI in order to reinforce the pilot bits. Moreover, if aiming at carrying the E-TFCI on a new DPCCH we are forced to use a slot format with few pilots, then there will be a loss in demodulation performance.
The above summary provide some important aspects that would need to be solved/agreed under the context of Small Data Transmission for UMTS, before removing any of the information bits carried on the E-DPCCH, which would have to be justified with quantifiable gains for the system if the proposed L1 signalling optimizations related with the introduction of a new DPCCH structure or E-DPCCH were adopted as part of the Small Data Transmission enhancements for UMTS. 
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� Missed detection: Refers to the case where the UE has transmitted data but the Node B fails to receive the E-DPCCH correctly.


� False alarm: Refers to the case where no data are transmitted by the UE, but an E-DPCCH codeword is erroneously detected at the Node B receiver.
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