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Introduction

During the last RAN WG1 #28 bis meeting, several possible enhancements for uplink dedicated channel were discussed in various proposals [1-4]. Some of the concepts discussed were: adaptive modulation and coding (AMC), hybrid ARQ in the form of Chase or IR, fast scheduling in the Node B, and shorter frame sizes. Most of the techniques are aimed at reducing the latency and increasing the throughput while managing the interference within and between the sectors more efficiently. It is also mentioned in most of the presentations last time that the uplink power control is essential even with these enhancements. In this document, we discuss some of the above techniques in further detail assuming uplink power control always exists. 

In the downlink, AMC in HSDPA is achieved by multi-coded transmission, higher order modulations, and variable transport block sizes. The combined degrees of freedom were proven enough to account for most of the gain in AMC. The extra degree of freedom in transmission time interval (TTI) was removed since the added benefit is considered small. When thinking about improving the uplink using AMC, one has to ask what kind of resources are available which can be used to achieve AMC for the often interference limited uplink. Obviously, all four resources, modulations, codes, transport block sizes, and TTIs, considered for HSDPA, are available for the uplink as well. In the following, we shall discuss the pros and cons of each of these resources and different ways of utilizing them.

Variable Transport Block Sizes

The benefit of having variable transport block sizes should be the same for both downlink and uplink. But the number of transport block sizes may be different.

Modulations

As in R99/Rel4/Rel5, the use of QPSK is suggested. The benefits of higher order modulations (e.g. 8-PSK, 16-QAM) as well as BPSK need to be investigated for the uplink both from a power limitation and channel estimation accuracy perspective. Note that, in the downlink the strength of the common pilots are dimensioned in a such a way that the estimation of the channel at the UE can be done accurately. In the uplink, in order to minimize the noise rise contribution of pilot channels, typically, the pilot strengths are weak. This leads to inaccurate channel estimates, thereby leading to poor demodulation and decoding. This problem is expected to be more pronounced for higher order modulations. Therefore, the use of BPSK for very low data rate services in a low power autonomous transmission could be of interest as well. 

OVSF Code Management

In Rel99/Rel4/Rel5, the uplink DCH supports both single and multi code transmissions. When single code transport format is selected, variable spreading factor is enabled to support different data rates; when multi-code transport format is selected, the spreading factor is restricted to 4 with 3 parallel codes transmitted in QPSK. In order to ensure backward compatibility the new enhanced uplink DCH (EUDCH) should consider the following code management options:

Single code with variable spreading factor 

This is very similar to the uplink DCH in Rel99/Rel4/Rel5 except that the support of multi-code transmission is removed. Data rates between 960 Kbps and 1.44Mbps are now achieved with higher channel coding rate from 0.5 up to 0.75 using QPSK. Higher order modulation such as 8PSK is needed to support rates up to 2.16M with 0.75 code rate (see [3] for example). For easy reference, in Table 1, we reproduce the table of possible data rate proposed in [3]. Note that, according to [3], the practical maximum data rate with a channel-coding rate of 0.8 is 2.3Mbps, which is about the same as the Rel99/Rel4/Rel5 solution. The benefit of using only one code for transmission is the reduction in the peak-to-average power ratio (PAR) at the UE. The down side of it is the loss of flexibility a multi-code transmission could potentially provide. Furthermore, one can also see that the data rate increase is mostly introduced by the use of higher order modulations. Assuming the same target error rate per transmission and a Node B controlled fast scheduling, in order to increase the throughput, systems employing single code transmission most likely have to schedule multiple UEs to transmit at the same time to fully utilize the uplink capacity. This will inevitably increase both the downlink and uplink signaling. The other side effect of scheduling multiple UEs at the same time is the increase in variance of the noise rise even with slot-by-slot fast power control. 

	Modulation [bits/symb]
	Channel Code Rate
	Spreading Factor
	Number of Codes
	Channel Bit Rate
	Modulation [bits/symb]
	Channel Code Rate
	Spreading Factor
	Number of Codes
	Channel Bit Rate

	3
	1
	4
	1
	2880000
	1
	0.5
	4
	1
	480000

	3
	0.8
	4
	1
	2304000
	1
	0.4
	4
	1
	384000

	3
	0.75
	4
	1
	2160000
	1
	0.3
	4
	1
	288000

	3
	0.6667
	4
	1
	1920096
	1
	0.4
	8
	1
	192000

	3
	0.6
	4
	1
	1728000
	1
	0.3
	8
	1
	144000

	2
	0.75
	4
	1
	1440000
	1
	0.4
	16
	1
	96000

	2
	0.6667
	4
	1
	1280064
	1
	0.3
	16
	1
	72000

	2
	0.6
	4
	1
	1152000
	1
	0.4
	32
	1
	48000

	2
	0.5
	4
	1
	960000
	1
	0.3
	32
	1
	36000

	2
	0.4
	4
	1
	768000
	1
	0.4
	64
	1
	24000

	2
	0.3
	4
	1
	576000
	1
	0.3
	64
	1
	18000


Table 1. Possible EUDCH Rate from [3]

Multi-code transmission with fixed spreading factor 

With multi-code transmission, PAR increases. A fixed spreading factor of 4 should be acceptable from a PAR perspective since it is currently supported in Rel99/Rel4/Rel5. The benefits of higher spreading factors should be investigated. One of the advantages of allowing the UE to use the maximum number of codes available for transmission (e.g. three out of the four 4-ary spreading codes) is to grant a UE the best achievable channel-coding rate within a TTI. In each transmission, in order to achieve certain target error rate, the total power required to transmit a packet should be higher than those using single code with variable SF. In addition, this turns out to be a benefit for Node B scheduled scheme since it is always beneficial to schedule as few users at a given scheduling instance as possible from the point of view of the noise rise management and signalling overhead. The additional flexibility of varying the number of codes used for a given transmission is beneficial if the base code rate (e.g. rate 1/3 Turbo Code) is achievable using a fewer number of spreading codes for the given transmission, since in this case, using all three available codes provides no additional coding benefit.

One other major benefit of allowing the variation of the number of codes used in a multi-code transmission is the ability to have multiple HARQ transmissions from a given UE within the same TTI similar to what was discussed in [5]. Allowing multiple transmissions from the same UE in a TTI, whenever backlog permits, can increase rate granularity, further improve frame-fill efficiency, and reduce the number of simultaneous transmissions from different UEs in a TTI. This reduces the interference from multiple UE transmissions, permits efficient use of the noise rise bin and is potentially good for UE buffer management. If the backlog is not sufficient, then the UE could be switched over to a low-rate autonomous mode.  

	Modulation [bits/symb]
	Channel Code Rate
	Spreading Factor
	Number of Codes
	Channel Bit Rate
	Modulation [bits/symb]
	Channel Code Rate
	Spreading Factor
	Number of Codes
	Channel Bit Rate

	2
	0.8
	4
	3
	4608000
	2
	0.5
	4
	2
	1920000

	2
	0.75
	4
	3
	4320000
	2
	0.4
	4
	2
	1536000

	2
	0.67
	4
	3
	3859200
	2
	0.3
	4
	2
	1152000

	2
	0.6
	4
	3
	3456000
	2
	0.75
	4
	1
	1440000

	2
	0.5
	4
	3
	2880000
	2
	0.67
	4
	1
	1286400

	2
	0.4
	4
	3
	2304000
	2
	0.5
	4
	1
	960000

	2
	0.3
	4
	3
	1728000
	2
	0.4
	4
	1
	768000

	2
	0.67
	4
	2
	2572800
	2
	0.3
	4
	1
	576000


Table 2. Possible EUDCH data rates assuming multi-code transmission

Table 2 shows an example of the possible data rates with multi-code transmission using fixed spreading factor 4. The scheme can improve the Rel99/Rel4/Rel5 maximum data rate simply by allowing a higher than 0.5 channel coding rate without the need for higher order modulations. Note that, for a given channel bit rate there could be more than one transport format. For example, at 2.88Mbps, one can select a transport format with QPSK, code rate 0.5, using 3 spreading codes; or a transport format with QPSK, code rate 0.75, using 2 spreading codes. Since it is desirable to have only one transport format for each data rate, we retain the one with the lowest code rate in the table. Also note that data rates lower than 576Kbps can be achieved by allowing BPSK modulations. According to Table 1, a fixed spreading factor of 4 can provide a data rate as low as 288Kbps with BPSK and a code rate 0.3.

Multi-code transmission with variable spreading factor 

The third option is to have multi-code transmission with variable spreading factor. This option gives the maximum flexibility in code management. However, multi-code transmission with different spreading factor for different code would adversely affect the PAR. Any proposal to allow this should be carefully studied. A special case of this approach would be a scheme combining the previous two options. That is for data rates higher than 576Kbps, Table 2 will be adopted; and for rate lower than 576Kbps, the transport format to the right half of Table 1 will be used. Note that the very low code rate transport format may be useful for UEs at the edge of the cell or in soft handover where transmit power is limited to reduce the interference to the other cells.

Transmission Time Interval

There are essentially two options regarding the transmission time interval: variable duration TTI and  fixed duration TTI.  Below is the detailed discussion on each option.

Variable duration TTI 

The benefits of the variable TTI approach are as follows: 

(a) frame-fill efficiency resulting from increased rate granularity. Unlike in the HSDPA where the multicode transmission provides the necessary degree of freedom for AMC, on the uplink, even when multicode transmission is allowed, the granularity drops from 16 in the downlink to 4. The loss in granularity can be recovered by allowing different TTIs such as 2,4,6, and 8 ms. 

(b) possible efficiency in noise rise bin usage if variable TTI is used along with staggered schedule grant messages. Staggering in UE scheduling is a useful technique to limit the number of UEs being scheduled to start transmitting at the same time. This enables the Node B to manage the noise rise more effectively (i.e., minimize the probability of noise rise overflows),  as well as reduces the signaling overhead needed to support multiple UEs in the same TTI. 

Fixed duration TTI

Here, a fixed duration TTI is used for each transmission. In order to prevent multiplexing of more than one user in a TTI, and to achieve good frame-fill and scheduling efficiency, it may be beneficial to have multiple transmissions from the same UE in a TTI whenever backlog permits.  In order to allow for multiple transmissions, clearly the number of codes used for each transmission will vary.  This approach may allow better use of the noise rise bin and has the added benefit that it is in keeping with the fixed TTI philosophy in HSDPA. It is possible to employ staggered scheduling with fixed TTIs as well but the benefits of this approach need to be assessed.   

Conclusion

This document discusses various issues related to adaptive modulation and coding in the uplink, and the design of an enhanced uplink DCH. We debate the pros and cons of issues related to hybrid ARQ,  adaptive modulation and coding as well as OVSF code management. Some qualitative analysis of the issues is presented, and this leads to various combinations of Node B scheduling and autonomous transmissions [7] with various possible modulation, coding and OVSF coding formats with different choices for frame durations. However, we would like to emphasize that it is unclear which combination of the aforementionted options is better without quantitative performance comparisons. Before any quantitative evaluation can start, it is important to agree upon a set of system and link simulation methodologies such that each of the possible combinations can be evaluated under various traffic model and different mixture of voice and data users, etc. 
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