
3GPP TSG RAN1#51
  





                        R1-074600
Jeju, Korea

November 5 - 9, 2007
Agenda Item:

6.2.5
Source:


Motorola

Title:

DL Distributed Mapping – Comparison of Nd=3 and Nd=2
Document for:

Discussion
1. Introduction

In RAN#50, distribution transmission with Nd=2 and 3 was agreed.  However, it was FFS whether Nd=3 is necessary. In this contribution, advantages of Nd=3 over Nd=2 distributed transmission are shown.  
2. The Need for Nd=3
The key points for supporting Nd=3 are summarized as follows –

· Nd=3 provides substantial link performance gain over Nd=2 especially with 1 Tx antenna.  With 2 Tx antennas at the eNB, analysis shows additional frequency diversity gain of 0.2-0.5 dB is possible when each DVRB is distributed over 3 instead of 2 PRBs.  With only 1 Tx antenna at the eNB, analysis shows a substantial frequency diversity gain of 0.6-1.0 dB is possible (see [7] for detailed performance results).  This is true even when H-ARQ is considered, as significant gain (0.5 – 1.0 dB at the 1% residual FER) is still possible after 2 transmissions.  Table 1 summarizes performance gain from Nd=2 to Nd=3 for QPSK, R=1/2.  As noted in [6], with higher-order modulation or higher code rates, the gain is larger (also verified in [1]
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[3]).  Note that similar link similar performance gain was also observed in [2][8]. 
Table 1.  Link gain from Nd=2 to Nd=3 (QPSK, R=1/2).

	Number of eNB   Tx antenna
	No HARQ
	HARQ

(IR, 2 trans max)

	1
	0.6 dB @ 10% FER,
1.4 dB @ 1% FER
	1.0 dB @ 1% residual FER

	2
	0.3 dB @ 10% FER,
0.4 dB @ 1% FER
	0.5 dB @ 1% residual FER


· Nd=3 allows inter-cell interference mitigation.   An attractive feature of distributed transmission is the ability to perform inter-cell interference mitigation through interference randomization.  This feature is especially important for deployment scenarios where distributed frequency regions may be semi-statically configured, especially if the cells are also synchronized.  With the slot-based hopping adopted for Nd=2, additional randomization on top of scrambling is not possible since the distributed users apply the same hopping patterns.  With Nd=3, cell-specific mapping that provides good inter-cell interference mitigation can be easily designed. 
· Packing efficiency loss is minimal for Nd=3.   One concern with Nd=3 is the possible packing efficiency loss compared to Nd=2, where the loss refers to the possible loss of DPRBs if not enough distributed users are available to be scheduled.  Naturally, power from those unused sub-carriers can still be reassigned. In addition, those DPRBs may be filled with localized users.  This is trivial if DPRBs used for distributed transmission can also be dynamically scheduled via the PDCCH (see [1] for an illustrative example).   Also note that with the proposal to select Nd based on system bandwidth (e.g. Nd =3 for system BW > 8 RBs [1]), there should be sufficient number of users to fill in the DPRBs. 
Clearly, there are benefits in terms of significant link gain and interference mitigation to support Nd=3.  Packing efficiency loss for Nd=3 is minimal compared to Nd=2 even when persistently scheduled are considered if resources in the DPRBs can be dynamically reassigned. 
As a result, Nd=3 should be the default mode of operation for distributed transmission.  It is proposed that Nd =3 is used for system BW > 8 RBs and Nd=2 is used otherwise.  In addition, dynamic signaling is used for DVRB transmission (conditioned on it fitting as an allocation option within a DL grant).  Please refer to [1] for detailed description of the signaling method.
3. Conclusions
This contribution shows that they are considerable benefits in terms of performance gains (especially for 1 Tx antenna) and interference mitigation to support Nd=3.  Packing efficiency loss for Nd=3 is minimal compared to Nd=2.  Therefore, there is clearly a substantial benefit to support Nd=3.  It is proposed that –

· Nd =3 is used for system BW > 8 RBs and Nd=2 is used otherwise.
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