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1 Introduction
During RAN1 #55 meeting, concerns were raised regarding the MIMO ad hoc group decision on the two competing CRs [1], [3] for Section 7.2 of TS 36.213, as related to the feature of codebook subset restriction for open-loop spatial multiplexing. The concerns are as follows:

1. Impact on standard schedule by approving CR in [1] which has not shown clear performance benefits;

2. Approval ratio required as the CR in [3] has 5 supporting companies (4 co-sourced companies as shown and CMCC), while the CR in [1] has 9 supporting companies;

There were no clear answers provided to the above questions. After further investigations, it was again confirmed that the agreement on codebook subset and rank restriction in RAN1 #48 was applicable to closed-loop SM only. It was also found that the CR had violated RAN1 #51bis meeting agreements on open-loop SM [4]. Therefore, Nortel emailed a “sustained objection” to the RAN1 reflector on Nov 26, 2008 [5]. Not a single response to the email has been received. Therefore, the issue has been brought forth to the RAN #42 plenary meeting [6], such that the overall impact on the LTE work load especially for RAN4, 5 can be considered.
During the offline discussions in RAN #42, it was also agreed that there were no simulation data available to show the benefits of codebook subset/rank restriction. Note that extensive simulation evaluations at both link and system level have been performed on open-loop SM before its adoption into the standard. In contrast, there are no simulation results that can show the performance gain of introducing rank restriction on open-loop SM. The impact of rank restriction on the performance of open-loop SM is unknown when the CR in [1] was approved. 

As a follow-up to the RAN Plenary discussions on the two CRs [1], [2], and the RAN plenary decision that “alternative solutions shall be revisited in RAN1” [11], this contribution proposes a solution to the issue. Simulation data are also included to support the analysis of the problem with the adopted CR on codebook subset restriction for 2 transmit antennas. 
2 Codebook subset restriction for open-loop SM 

The text in Section 6.3.4.2.2 of TS 36.211 v8.5.0 states that:
“The eNodeB can further confine the precoder selection in the UE to a subset of the elements in the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or 6.3.4.2.3-2.
· For 2 antenna ports, the precoder is selected according to 
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 denotes the precoding matrix corresponding to precoder index 0 in Table 6.3.4.2.3-1.

· For 4 antenna ports, the UE may assume that the eNB cyclically assigns different precoders to different vectors 
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on the physical downlink shared channel as follows.  A different precoder is used every 
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 denotes the number of transmission layers in the case of spatial multiplexing. In particular, the precoder  is selected according to  
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denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table 6.3.4.2.3-2.”

As quoted above, the description in TS 36.211 v8.5.0 is consistent with the codebook subset restriction as agreed in RAN1 #51bis meeting on the definition of open-loop spatial multiplexing [4]. For 2 transmit antennas, there is one codeword used for Rank=2 transmission, whereas for 4 transmit antennas, a subset of 4 precoding vectors for each transmission rank is defined.
In RAN1 #51b [4], it was further agreed that: 

· Dynamic rank adaptation between rank-1 transmit diversity and the above open-loop large delay CDD is performed
The CR in [1] specifies bitmaps without any reference to the codebooks as described in TS 36.211 and thus is inconsistent with 36.211, besides the fact that the restrictions as specified by these bitmaps has not been mentioned in the RAN1 #51b agreement. 
Moreover, the improper restriction imposed by the eNB through the bitmaps would make it difficult for the dynamic rank adaption between transmit diversity and open-loop large delay CDD based spatial multiplexing as agreed in RAN1 #51b. 
3 Simulation results

Simulation results for user throughput at various geometry values are plotted in Figure 1 and Figure 2, for simulation scenarios case 1 & 3 respectively. As expected, SFBC outperforms SM at low geometry, while SM outperforms SFBC at medium to high geometry values. The best performance is obtained through dynamic switching between SFBC and SM (DS). 
The problem with rank restriction happens, e.g., when an UE at low geometry is restricted to rank 2, the throughput would be degraded. On the other hand, if an UE at high geometry, e.g., 8 dB, is restricted to rank 1, then there will be a more significant degradation.

For UE with medium to high mobility, the changes in DL transmission rank cannot be easily detected by the eNB. In addition, the change in rank restriction through higher layer configuration is relatively slow that it would not be able to track the changes in the channel rank as experienced by an individual UE with medium to high mobility, which is when open-loop SM is most beneficial. For UE with low mobility, closed-loop SM can be used instead of open-loop SM to take advantage of additional channel state information available through PMI feedback. 
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Figure 1
  User throughput for various geometry values for transmit diversity (SFBC), SM and dynamic switching between SFBC and SM (DS), Case 1 
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Figure 2  User throughput for various geometry values for transmit diversity (SFBC), SM and dynamic switching between SFBC and SM (DS), Case 3
Simulation data on the rate of change of channel rank in medium to high mobility has also been collected as shown in the CDF plots in Figure 3. It can be observed that at 50 percentile, the time interval between rank changes is about 5 ms for 30 km/h and about 1 ms for 120 km/h. Even with filtering, the 50 percentile rank changes interval is less than 5 ms for 120 km/h mobility. 

The delay as caused by RRC signaling can vary from as low as about 20ms to the order of 100 ms, depending on a number of factors such as scheduling delay in addition to processing delay. Therefore, any rank restriction that is configured by the eNB would not be able to respond to the relatively faster variations in channel rank effectively. 
For example, an UE is restricted by the eNB to report rank-2. When the channel changes such that rank-1 transmission will provide a higher spectral efficiency, the UE could not report rank 1 as it is restricted to report rank-2. Eventually, eNB may change the rank restriction configuration to rank-1 after realizing that rank-1 should provide a better spectral efficiency for that UE. However, with the delay in RRC signaling, the rank restriction for the UE cannot be changed without a significant delay after the eNB realized that the rank restriction should be re-configured. At that time, the channel rank could have already changed based on the statistics indicating the rate of rank changes as shown in Figure 3.
Because of the restriction in rank reporting imposed by the eNB, the UE is not allowed to report the actual changes in channel state, i.e., rank, This seems to be against the principle of maximizing channel capacity through feedback. With rank restriction, the overhead in rank indication is incurred but with no information feedback. 
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Figure 3
  CDF of time intervals between channel rank changes, Case 1
4 Proposed correction to TS 36.213
In the normal 3GPP standardization process, a new feature should be evaluated sufficiently for its performance benefits before adopting into the standard. The quality of RAN1 standard will be compromised when features are adopted without sufficient evaluation for their benefits. 

This contribution has provided simulation results to show the problems with rank restriction for 2 transmit antenna (2-Tx) case. Not only that there is no benefit with rank restriction for 2 transmit antenna case, the feature provides a way for performance degradation. 

Moreover, for the 2-Tx case, there is only one fixed codeword used for Rank-2 transmission. Therefore, codebook subset restriction of a single codeword is ambiguous and not applicable in this case. Therefore, it is necessary to correct the description in TS 36.213 v8.5.0 to avoid the confusion of applying codebook subset restriction to the 2 transmit antenna case where a codebook does not exist, as proposed in [7], [8], [9], [10].
5 Simulation Assumptions

The simulation results shown in Section 3 are based on the following simulation assumptions. 
	Parameters
	Value

	Number of cells
	19

	Number of sectors per cell
	3

	Total number of sectors
	57

	Number of active users per sector
	10

	BS-BS distance
	Case 1, 3

	Center frequency
	2.0 GHz

	Channel bandwidth
	10 MHz

	Frequency reuse
	Reuse-1

	Transmission power/sector
	46 dBm

	Tx antenna pattern
	70o (-3dB) with 20 dB front-to-back ratio

	BS gain + cable loss
	14 dBi

	MS gain
	0 dBi

	MS Noise Figure
	9 dB

	Penetration
	20 dB


	 Path loss model
	128.1 + 37.6 * log10(R), R in km

	 Lognormal shadowing 
	 (=0 dB, σSF =8 dB

	 Shadowing correlation
	 100% inter-sector, 50% inter-BS

	 Channel model
	 TU model 3, 30 or 60 km/h
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