
5

3GPP TSG RAN WG1 Meeting #55bis
R1-090031
Ljubljana, Slovenia

12 – 16 January, 2009

Source:
QUALCOMM Europe, Ericsson
Title:
System Simulation Assumptions for Multiple (3, 4) Carrier HSDPA Performance Evaluation
Agenda item:
9
Document for:
Discussion
1. Introduction

As part of the Release 8 Study Item on DC-HSDPA, in order to evaluate downlink system performance of 2 adjacent carriers, in [1] a set of system simulation assumptions were agreed upon. Furthermore in [2], a set of simulation assumptions are proposed to evaluate system performance of multiple carriers across two frequency bands. 
In this contribution, we identify a limited set of carrier configurations to investigate for the 3 or 4 carrier case and propose to reuse the system simulation assumptions described in [1] and [2] to evaluate the downlink system performance of multiple (3 or 4) carriers in HSPA.

2. Simulation assumptions for 3 or 4 carriers in a single band
For the case when evaluating the system performance of 3 or 4 carriers on the downlink in HSPA in a single band (intra-band), we propose that we limit the study to adjacent carriers. The basis of this proposal is based on examining spectrum assets currently allocated to HSPA in different countries. We further propose that for the intra-band case, we reuse the set of simulation assumptions as proposed in [1] in an identical manner. These assumptions include:
· Basic system level parameters

· Traffic Models

· Bursty Traffic and Full Buffer

· Simulation scenarios and performance metrics

· Bursty Traffic

· Full buffer traffic and balanced load between two carriers

· Full buffer traffic and imbalanced load between two carriers

The only modification requested to these set of assumptions is to replace the words two carriers or both carriers or dual cells with three or four carriers or cells accordingly.
3. Simulation assumptions for 3 or 4 carriers across two different bands
For the case when evaluating the system performance of 3 or 4 carriers on the downlink in HSPA, across different bands, the following cases are possible as shown in Table 1 and Table 2 for 3 and 4 carriers respectively:

Table 1: Number of carriers in each band, Total of 3 carriers

	
	Number of carriers in Band 1
	Number of carriers in Band 2

	Case 3A
	2
	1

	Case 3B
	1
	2


Table 2: Number of carriers in each band, Total of 4 carriers

	
	Number of carriers in Band 1
	Number of carriers in Band 2

	Case 4A
	2
	2

	Case 4B
	3
	1

	Case 4C
	1
	3


With regard to the evaluation of DL performance for the 3 carrier case, it may be enough to evaluate either Case 3A or Case 3B. With regard to the evaluation of DL performance for the 4 carrier case, it may be enough to focus only on Case 4A i.e. the four carriers are equally distributed across the 2 carriers. Furthermore, in each of these cases, when multiple carriers are assumed in a single band, we could assume that these carriers are adjacent. 

Hence for the 3 or 4 carrier case, we propose that the following carrier configuration across bands be studied:

· Case 3A: 

· 2 carriers f1, f2 in Band 1

· 1 carrier f3 in Band 2

· f1 and f2 are adjacent carriers

· Case 4A: 

· 2 carriers f1, f2 in Band 1

· 2 carriers f3, f4 in Band 2

· f1 and f2 are adjacent carriers

· f3 and f4 are adjacent carriers

· The proposed set of simulation assumptions for the above 2 cases (Case 3A, and Case 4A) are described in [2] as part of the set of system simulation assumptions for the inter-band multi-carrier case. 

4. CQI Feedback Cycle

Since HS-DPCCH channel design for >2 carrier would be challenging if we were to assume a single channelization code, it would be of interest to evaluate the DL performance for both CQI Feedback Cycle = 1 and 2 TTI. This would allow us to understand the loss if the CQI of the carriers were time division multiplexed on a single channelization code at the expense of increasing the CQI feedback cycle from 1 TTI to 2 TTI.
Table 3: Modification to HS-DPCCH simulation assumption in Basic System Level Parameters for 3,4 carriers 

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

(*) CQI quantization may or may not be modeled

Error-free CQI and ACK decoding

CQI Feedback Cycle = 1, 2 TTI


5. Simulation scenarios and performance metrics
The scenarios and performance metrics listed here are an exact copy of the corresponding scenarios and metrics for the DC-HSDPA case as proposed in [1] except that the number of carriers is now more generic (K) instead of taking the value 2.
5.1. Bursty traffic

Assuming there are K carriers and altogether K*N users per sector. In the single carrier system, there are N users in each carrier. In MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA:

· Average burst rates at different number of users (N) 

· The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system

· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the Node B and the instant when the transfer of the burst over the air interface is completed. 

· The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.

· Total system throughput in each carrier and across all the carriers 
· Normalized and un-normalized user throughput distribution (CDF) in each carrier and across all the carriers
5.2. Full buffer traffic and balanced load between two carriers

Assuming there are K carriers and altogether K*N users per sector. In the single carrier system, there are N users in each carrier. In MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA: 

· Sector throughput at different number of users (N) in each carrier and across all the carriers
· Normalized and un-normalized user data rate distribution (CDF) in each carrier and across all the carriers
· User data rate gain at different user data rate percentiles in each carrier and across all the carriers: This would be the user throughput improvements as a function of the user-quantile (relative improvement of average per-user throughput over user-quantile, e.g. by how much did the throughput of the worst 10% of users improve). This is metric can demonstrate any cell edge user performance enhancement

· Average user throughput as a function of average sector throughput in each carrier and across all the carriers
5.3. Full buffer traffic and imbalanced load between two carriers

This is an optional scenario.

Without multicarrier operation, moving users across carriers is a slow procedure. Even if the network equalizes the number of users across carriers, in real life, there is no sustained full buffer traffic. The traffic for a particular user is bursty and the number of users simultaneously receiving packets in each carrier at any given time can be different. The gains in these situations can be shown by studying full buffer traffic with imbalanced number of users across carriers.

Assuming there are K carriers and altogether K*N users per sector, let Mk be the number of users in the k-th carrier, where (Mk=K*N and not all Mk are equal. In inter-band MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA: 

· Sector throughput, in each carrier and across all the carriers, at different total number of users (K*N) and at different user-carrier association Mk with the same total number of users, 

· Normalized and un-normalized user data rate distribution (CDF) in each carrier and across all the carriers
· User data rate gain at different user data rate percentiles in each carrier and across all the carriers
· Average user throughput as a function of average sector throughput in each carrier and across all the carriers
6. Conclusions

In this contribution, we identified a few configurations to be investigated in the context of evaluation of the performance of multiple (3 or 4) carrier performance in the downlink in HSPA. 
There were 2 configurations identified- Intra-band and Inter-band:

· For the intra-band case, we propose to re-use the set of system assumptions identified in [1] assuming 3 or 4 adjacent carriers assuming that these carriers are adjacent to each other. 

· For the inter-band case, we propose to study the 2+1 and 2+2 cases, with the 2 carriers in each band corresponding to adjacent carriers. The details of the system simulation assumptions for the inter-band case are further described in [2].

Furthermore, in order to accommodate HS-DPCCH designs that make use of a single channelization code, we propose that the sensitivity in DL performance to CQI feedback cycle = 1and 2 TTI is evaluated.
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