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1. Overall Description:

In RAN4 Jeju meeting in Nov 2007, the following issue was discussed:

“RAN 4 is currently in the process of defining performance requirements for the PDSCH and is trying to minimize the number of test-cases, as well as verifying the impact of RAN4 requirements on the existing transmission schemes.  It has been noted that the multi-antenna transmission schemes such as beamforming and small/large delay CDD features might have implications on some important RAN4 requirements such as multi-antenna transmitter misalignment including inter-antenna timing misalignment. RAN4 would like RAN1 to clarify whether practical impairments such as transmitter misalignment have been considered when the MIMO schemes were specified, and whether the system benefits of all the different MIMO schemes will be seen once such impairments are taken into account. As a guideline for the RAN1 discussion, RAN4 would like to inform RAN1 that the current WCDMA requirement on transmit antenna misalignment is 65ns at the antenna port[1]. The corresponding requirement has not been concluded for LTE. Other factors such as feeder cables, filters and tower mounted amplifiers would introduce additional transmitter timing misalignment. It is noted that this transmitter timing misalignment might be larger than the resulting transmitter timing misalignment that is introduced by the small delay CDD feature. RAN 4 also expects transmitter misalignment to have impact on other multi antenna schemes such as beamforming.” 

In addition, RAN4 kindly asked RAN1 to take the following action:

ACTION 1:  TSG-RAN WG4 kindly asks RAN1 to investigate the implications of the MIMO transmission schemes on transmitter misalignment requirements.

Response:
In general, transmitter time-misalignments tends to negatively impact MIMO schemes involving channel dependent precoding, as the precoding may need to be performed with finer frequency granularity to track the increased frequency-selectivity of the channel. Thus, there are in general reasons to limit the time misalignment. Specifically, wideband precoding is potentially more sensitive to timing misalignment than narrowband precoding, especially in highly-correlated antenna configurations. This is due to the fact that with timing misalignment, the spatial correlation matrix of the channel becomes a function of the subcarrier index even for the highly correlated antenna configuration, and therefore it is less likely for a single wideband precoder to be optimally adapted to all the subbands in the frequency domain. Particular issues for each MIMO scheme are discussed below. 
Beamforming 

Beamforming is a well-proven technique for correlated antenna setups that gives significant system gains at a very low signalling overhead cost. It can be implemented in various ways, including using codebook based precoding based on common RS or using dedicated RS and non-codebook based precoding. Beamforming requires accurate array calibration with a resulting equivalent transmitter time-misalignment on the order of 4 ns if a single UE is to be scheduled over a 20 MHz bandwidth using a single wideband precoder vector. For smaller localized scheduling bandwidths, e.g. 1 MHz, a transmitter time-misalignment on the order of 60 ns seems adequate. 
Large delay CDD

We do not see any significant issues with large-delay CDD due to timing misalignment. 
Small delay CDD

Small-delay CDD attempts to increase the frequency selectivity in scenarios in which the channel exhibits limited frequency-selectivity. A well-designed frequency-dependent scheduler can then be used to exploit the increased frequency selectivity. Under conditions with little or no frequency-selectivity, with full buffer traffic and 20 active UEs per cell, gains on the order of 2-9% over precoding with codebook subset restriction have been reported. Compared with full codebook based precoding, the gains could be smaller. In the presence of timing misalignments mentioned in the LS [1], the performance gain can be further reduced, although RAN1 has not evaluated the extent of this performance reduction.
Regarding the delay size of small-delay schemes, LTE supports various FFT sizes and sampling rates in order to enable different system bandwidths such as 1.25MHz, 5MHz, 10MHz, 20MHz. We first note that frequency-dependent scheduling is supported for 2.5MHz to 20 MHz cases. The small-delay CDD delay values for different FFT sizes are given in Table 1. It can be observed that in the 10 MHz and 20 MHz system bandwidth cases, the time-misalignment is on the same order as the 65ns value mentioned in the LS [1]. On the other hand, for 1.25 MHz to 5MHz system bandwidth cases, the small delay CDD delays are larger than the transmit antenna timing misalignment of 65ns requirement mentioned in the LS [1].  We note that in some WCDMA eNodeB implementations, the timing misalignment could be smaller than the requirement of 65ns, resulting in actual timing misalignments of values such as 30ns, 20ns and so on, and therefore is smaller than the delay value of the small delay CDD for even the 10-20MHz cases.
Note that it is possible to implement the small delay CDD in a cell-specific manner and thus small-delay CDD can be implemented transparently to the UEs. A cell-specific small-delay CDD could decrease the performance of wideband precoding. Therefore, RAN1 agreed to have a UE specific small-delay CDD so that the Node-B can turn off the small delay CDD for a UE that is configured to feedback only wideband CQI for supporting wideband precoding, and turn on the small delay CDD for a UE that is configured to feedback frequency selective CQI for supporting frequency dependent precoding.  Note that RAN1 has not performed extensive investigation regarding a scenario in which the switching between wideband precoding and frequency dependent precoding is performed in the same cell. 
Table 1 Small delay CDD delay values for various FFT sizes and antenna configurations

	FFT size
	Small delay CDD delay [ns]

	
	2 eNB antennas
	4 eNB antennas

	128 (1.25 MHz)
	0, 1041.7
	0, 520.8, 1041.7, 1562.5

	256 (2.5 MHz)
	0, 520.8
	0, 260.4, 520.8, 781.3

	512 (5MHz) 
	0, 260.4
	0, 130.2, 260.4, 390.6

	1024 (10 MHz)
	0, 130.2
	0, 65.1, 130.2, 195.3

	2048 (20 MHz)
	0, 65.1
	0, 32.5, 65.1, 97.7


2. Actions:

RAN1 kindly asks RAN4 to take the above responses into account in their future works on LTE/SAE.

3. Date of Next TSG-RAN WG1 Meetings:
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