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[bookmark: _MON_1257927131][bookmark: _MON_1257927147][bookmark: _MON_1208285701]
[bookmark: _Toc429500713]6.2.3.1.3	Downlink System Level Performance
An overlaid CDMA technique is used to increase UL capacity. This technique allows multiplexing of multiple users simultaneously on the same physical channel. Orthogonality between multiplexed users is achieved through orthogonal codes. More specifically each user repeats its blocks and applies an assigned code sequence that is orthogonal to code sequences assigned to other users. The code sequence elements are of unit amplitude and are applied burst-wise, i.e. they correspond to applying a phase shift to each transmitted burst. At the receiver side, the received blocks are phase shifted according to the complex conjugate of the same code sequence, followed by addition of the received samples. This will result in coherent accumulation of the desired signal and cancellation of the others. By applying different code sequences on the receiver side, the signals from the different users can be separated.
The code sequences can e.g. be the rows of a Hadamard matrix or a Fourier matrix.
The overlaid CDMA technique is applied to the EC-PDTCH/U and its associated control channel, EC-PACCH/U, and on the EC-RACH. In case of EC-RACH a code sequence is selected by the device randomly (or in a predetermined manner based on some MS identity).
The overlaid CDMA technique is evaluated for EC-PDTCH/U in subclause 6.2.6.7. It is found that four users can be multiplexed with a CDMA code length of four while multiplexing of eight users (using a code length of 16) gives a performance degradation. To reduce complexity, the use of CDMA is therefore restricted to code lengths of up to four, applied to bursts within a TDMA frame. Restricting the overlaid CDMA code to be applied within a TDMA frame also has the advantage that overlaid CDMA can be applied on frequency hopping channels. In case more than four burst repetitions are used across multiple TDMA frames, the same CDMA code word will be repeatedly used per TDMA frame.
NOTE 1:	Whether MS and BSS support of overlaid CDMA is mandatory or optional is FFS.
NOTE 2:	Overlaid CDMA requires a controlled phase shift between bursts. A controlled phase might not be possible to realize in all legacy GPRS devices. Depending on the MS modulator implementation code sequences chosen from the Hadamard matrix may be preferable (phase shift of 0 or 180 degrees) compared to using the Fourier matrix (phase shift of 0, 90, 180 or 270 degrees).
Compared with imposing a controlled phase shift, imposing a frequency offset is easier since almost all legacy GPRS devices are capable of tuning the freqeucny of their crystal/PLL. So an alternative approach of realizing overlaid CDMA is to apply an artificial frequency offset to each multiplexing user. The artificial frequency offset matrix of one example of overlaid CDMA where the burst lengths are [157, 156, 156, 156] is shown in table 6.2.3.1.3-1. For other scenarios, the columns of table 6.2.3.1.3-1 should be rotated based on the length of burst. Table 6.2.3.1.3-1 is applicable for multi-slot scenarios. The artificial frequency offset matrix for single-slot scenarios is tabulated in table 6.2.3.1.3-2.
Table 6.2.3.1.3-1: Artificial frequency offset matrix for overlaid CDMA users for multi-slot scenarios
	Burst index
User
	1
	2
	3
	4

	User 1
	-862 Hz
	-868 Hz
	-868 Hz
	-868 Hz

	User 2
	-431Hz
	-434 Hz
	-434 Hz
	-434 Hz

	User 3
	0 Hz
	0 Hz
	0 Hz
	0 Hz

	User 4
	431 Hz
	434 Hz
	434 Hz
	434 Hz



Table 6.2.3.1.3-2: Artificial frequency offset matrix for overlaid CDMA users for single-slot scenarios
	Burst index
User
	1
	2
	3
	4

	User 1
	-108 Hz
	-108 Hz
	-108 Hz
	-108 Hz

	User 2
	-54 Hz
	-54 Hz
	-54 Hz
	-54 Hz

	User 3
	0 Hz
	0 Hz
	0 Hz
	0 Hz

	User 4
	54 Hz
	54 Hz
	54 Hz
	54 Hz
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