
3GPP TSG RAN WG3 Meeting #36

R3-030571

Paris, France, 19th-23rd May 2003
Agenda Item: 
10.0.2e
Source: 
Nokia 
Title: 
HS-PDSCH Code Utilization Measurement

Document for:
Discussion and Decision

1. Introduction

It has previously been proposed [1] at RAN3 #33 that the Node-B should be able to send a request for more HS-PDSCH codes to the CRNC. The CRNC determines whether it wants to allocate more HS-PDSCH codes when it receives a request. However, the problem with this approach is, that the CRNC does not know exactly what has triggered the request for more HS-PDSCH codes in the Node-B. Hence, the CRNC does not know whether it has “high importance” that the more HS-PDSCH codes are allocated, or not.  In order to explain this better, let us consider the folllowing two cases:

Case #1: The Node-B sends a request to the CRNC for more codes, if and only if, all the allocated HS-PDSCH codes have been used in the more than 10% of the time (the value of “10%” is just an example).

Case #2: The Node-B sends a request to the CRNC for more codes, if and only if, 16QAM modulation being selected more than 10% of the time (the value of “10%” is just an example).

Hence, Case #1 and Case #2 represent two possible triggering mechanisms for the Node-B to request more HS-PDSCH codes. Note that even though the CRNC receives a request for more codes triggered by Case #1, the MAC-hs may not necessarily be close to the “code-limit”, since the MAC-hs may still be able to increase the modulation order and use a higher effective code rate (ECR). On the other hand, if the triggering mechanism in Case #2 is applied, then it may be more urgent to allocated more HS-PDSCH codes, since the MAC-hs is hitting the “hard-code-limit” in 10% of the time. In situations where nearly all the channelization codes for the cell are in use, the CRNC should therefore act differently depending on the triggering mechanism used in the Node-B for sending a request for more HS-PDSCH codes.

In this contribution we will discuss alternative approaches to the one in [1], as well as address the pros and cons of different solutions.

2. Discussion of two main apporaches for HS-PDSCH code management

There are basically two different approachs for supporting efficient HS-PDSCH code management: (i) Have the Node-B send a request to the CRNC for more codes whenever needed as discussed in [1], or (ii) Have the Node-B report a “HS-PDSCH code utilization measurement” to the CRNC, that it can use to determine whether more or less codes are required. In the following two sub-sections, we will discuss the pros and cons of these two approaches.

2.1 Node-B based triggering for requesting more HS-PDSCH codes

The HS-DSCH is typically said to be soft code-limited, because it supports adaptative coding and modulation. Thus, the Node-B is in a good positition to determine whether more or less HS-PDSCH codes are required, since it knows the modulation and coding scheme (MCS) being used in every TTI as well as the number of HS-PDSCH codes. The Node-B may therefore send a request for more HS-PDSCH codes to the CRNC whenever needed, as discussed in [1]. The problem with this approach is, however, that the CRNC should know the triggering mechanism in the Node-B for requesting more HS-PDSCH codes. The latter is needed so the CRNC can make a rational decision of whether to meet the request from the Node-B, when the cell is operating close to channelization code congestion. One option is therefore to define a “trigger criteria”. 

Another difference is that while the measurement can provide CRNC the statistical information about the code utilization and give the information for the CAC beforehand, this approach gives the indication only when Node B needs more codes. Thus this approach is not suitable for the preventive CAC in CRNC.

2.2 Proposal for HS-PDSCH code utilization measurement

An alternative approach is to have the Node-B report a standardized measurement to the CRNC that it can use to adjust the number of allocated HS-PDSCH codes. A simple approach would be to define a relative average HS-PDSCH code utilization as
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where N is the number of allocated HS-PDSCH codes to the Node-B, Xm is the number of used HS-PDSCH codes during the m-th TTI, and M is the number of TTI’s in the observation period for the relative average code utilization measurement. Thus, C([0;1], where C=1 indicates that all the allocated HS-PDSCH codes at the Node-B have been used during the last M TTIs. Hence, for high values of C, the CRNC would typically consider to allocate more HS-PDSCH codes, while a low value of C indicates that the CRNC may take back some of the allocated HS-PDSCH codes. Note that the definition in equation (1) also is valid for cases where the MAC-hs uses code-multiplexing of several UEs within one TTI. The definition in equation (1) is believed to be a fairly simple measurement, which can be implemented in the MAC-hs, i.e., no need to specify the measurement in the physical layer specifications. Furthermore notice that it is asumed that only one code utilization measurement is reported per MAC-hs, i.e., the code utilization measurement is not reported per SPI value.

However, the disadvantage of the definition in equation (1) is that it does not include any information of the used MCS. An alternative to the definition in equation (1) is,


[image: image2.wmf]å

å

=

=

=

M

m

I

i

i

m

i

m

Y

X

M

N

C

1

1

1

1

                                                   (2)

where Xim denotes the number of used HS-PDSCH codes during the m-th TTI to the i-th user and I denotes the number of served (code-multiplexed) users in the m-th TTI. The parameter Yim should express how close the Node-B is operating to the hard-code limit when scheduling to user i in the m-th TTI. One simple solution would therefore be to have


[image: image3.wmf][

]

1

;

0

max

Î

=

TBS

TBS

Y

used

i

m

                                                   

where TBSused and TBSmax is the used and maximum transport block size per multi-code, respectively. Hence, if 16QAM is supported by the Node B TBSmax=1920 bits and if only QPSK is supported by the Node B TBSmax=960 bits. The above definition makes sense because the spectral efficiency start to degrade once the transport block size (TBS) per code becomes too large. Allocating more HS-PDSCH codes to the Node-B can reduce the TBS per code. Note that the definition in equation (2) still fulfil C([0;1]. A high value of C does therefore still indicate that there is a relatively high HSDPA cell capacity gain by allocating more HS-PDSCH codes to the Node-B.

In order to further motivate and explain the rationale for equation (2), let us consider the sketched relationship between effective througput and experience EbNo at the UE in Figure 1. At low to moderate EbNo’s the effective throughput is increased according to the EbNo by increasing the number of HS-PDSCH multi-codes, while keeping the effective code rate (ECR) at approximately 1/3 using QPSK modulation. Once the maximum number of HS-PDSCH codes is reached, the effective throughput can be increased even further by using a higher ECR and/or a higher order modulation (16QAM). As indicated on Figure 1, the cost per transmitted bit (EbNo) increases more when the ECR is increased or higher order modulation is being used. Notice that for the low to moderate EbNo’s Y is constant while X is in the range [1;N]. For the higher EbNo where all the allowed HS-PDSCH codes are being used for transmission, X=N while Y is increasing according to the number of transmitted bits per multi-code.  
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Figure 1 Sketch of the effective throughput as function of the experienced EbNo at the UE.

Notice that the code utilization measurement in equation (1) only captures the left part of the curve in Figure 1, while the proposed measurement in equation (2) captures the code utilization over the entire dynamic range. Given the proposed definition in equation (2) and the non-HSDPA power measurement combined with the total average carrier power measurements, the CRNC have sufficient information to adjust the HS-PDSCH code resources, and potentially also the maximum allowed HS-PDSCH + HS-SCCH transmit power. The latter is possible because we both have a code utilization measurement and power measurement available. 

3. Conclusion

Given the discussion in Section 2.2, Nokia is proposing to have a code utilization measurement from the Node-B. It is recommended to use the definition in equation (2), since equation (2) considers the applied MCS at the Node-B and is more accurate.  However, Nokia is also happy to hear the suggestions to improve the definition of equation (2).

4. Proposal

It is proposed to disucss the solution in section 2.2 and to agree on it. If the group agrees on the prefereable code utilization measurement for HSDPA, Nokia is willing to provide necessary CRs. 
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