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1
Introduction

During RAN4#74bis meeting, the work on 4Rx AP has started. In this contribution we present views with respect to the operation of high rank TM3/4 and the needed performance requirements RAN4 should introduce. 
2
Discussion 
During the previous meeting, several contributions highlighted the fact that there is not so broad specification support for the introduction of high rank TM4 operation [2]

 REF _Ref419140732 \r \h 
[3] as just few UE categories are supported. On the other hand, many companies have an interest [4] in the introduction of high rank TM3/4 operation, as well as in performing the necessary specification adjustments so that a large amount of UE categories support such operation, such as CAT6 and beyond.
The specification changes allowing broader UE categories the possibility to sustain the operation of high rank TM3/4 is beyond the scope of RAN4. However, RAN4 needs to indicate to other working groups the fact that UE performance requirements for 4Rx AP are under discussion and TM3/4 has some limitations as highlighted for example in [3]. It is obviously in the competence of RAN4 WG to send an LS to other WGs in order to perform the necessary changes to the specification. Such communication link between RAN4 and the other working groups is particularly important in case RAN4 needs to be aware if any potential problems are encountered by the other working groups.
Proposal:

· Send an LS to RAN1 and RAN2 asking for technical discussions on enabling the support for high rank TM3/4 for CAT6 and beyond.

3
TM3/4 and TM9 configuration options
We would like to start with a brief reminder on the motivations which led to the introduction of TM3/4 and TM9 and why it is important to support both modes in future deployments.
The fundamental difference between TM3/4 and TM9 relies in the way in which channel estimation is performed.  While TM3/4 rely on common reference symbols (CRS) for both CSI feedback and demodulation, TM9 is based on the CSI-RS and DMRS combo, that is CSI feedback is performed on CSI-RS while demodulation is performed on DMRS. Also CQI computation has some differences in the sense that in TM4 only CRS are used while in TM9 the signal is estimated on CSI-RS and interference on CRS. TM3/4 operation is supported for up to 4 transmit antennas while TM9 is supported for up to 8 transmit antennas. The CRS overhead has been designed in such a way that two ports (0 and 1) are having a density of 8 REs per port per PRB pair while the other ports 3 and 4 are having only 4 REs per port per PRB pair. On the other hand, in TM9 the channel state information is estimated based on a scarce amount of CSI-RS REs while demodulation is performed on DMRS which consists of 12 REs for rank 1 and 2 and 24 REs for ranks 3 and 4 per PRB pair. 

From an overhead perspective it is obvious that TM3/4 has a rather efficient design especially as it covers up to rank 4 operation. On the other hand, TM9 has a tolerable overhead for up to rank2 operation, but in rank 4, the 24 REs of overhead is rather large and very good gains are needed in order to compensate for such overhead. However, these same 24REs are used for up to 8 layer operation, hence it may be argued that in case of very high number of layers, the DMRS overhead is tolerable. Indeed, it is worth reminding that when DMRS designed has been introduced, one of the goals was the support of 8 layer operation, a scenario where CRS could not be scaled as such.

There are ways in which the DMRS overhead may be reduced. For example one may utilized less CRS antenna ports compared to the number of transmit antennas, for example by using virtualized transmission of CRS. An alternative method is to schedule the TM9 transmission in MBSFN subframes, hence reducing the CRS overhead. However, only a maximum of 6 MBSFN subframes may be configured in a radio frame. In below table we briefly summarize several configuration possibilities and the corresponding reference symbols overhead.  

Table 1: Different TM configurations and the corresponding overhead

	TM configuration
	Overhead

	1. TM3/4 rank 2
	9%

	2. TM9 rank 2 + 2 CRS
	18%

	3. TM3/4 rank 4
	12%

	4. TM9 rank 4 + 1CRS 
	22.5%

	5. TM9 rank 4 + 2CRS   
	27%

	6. TM9 rank 4 + 4CRS                       
	30%


Based on Table 1 we observe the rather efficient overhead of TM3/4 compared with various configurations of TM9. This is not a surprise as the TM9 overhead needs to be added on top of the existing CRS even in the cases when CRS is reduced a minimum of 1 port, the case in which the PDCCH performance would suffer from lack of TM2, hence not a recommended configuration.
Observation:

· TM3/4 high rank overhead is rather efficient when compared to TM9.

There are other positive and less positive points of both TM4 and TM9. While for example CSI feedback estimation may be more accurate on CRS compared to the TM9’s CSI-RS, the DMRS flexibility in terms of SU/MU dynamic switching may be exploited more in TM9. However, the overhead difference between a realistic configuration of TM9 such as option 5 in Table 1 and the regular TM4 configuration option 3 is still of 15%. Nevertheless there are scenarios in which mostly SU MIMO or SU/MU MIMO operation are more efficient and the utilization of such modes depends on the traffic load, deployment characteristics like the availability of separate frequency small cells, etc. TM3 also has an edge in high mobility scenarios as it rely on precoder cycling hence not needing the PMI feedback as such.
Observation:
· Both TM3/4 and TM9 have their particular merits depending on the network configuration.
This theoretical analysis brings us to the conclusion that TM3/4 high rank operation cannot be ignored in the current RAN4 specification work and RAN4 along with the other RANWGs should take the necessary steps to provide the specification support for such operation for a large number of UE categories.
Proposal:

· Introduce the necessary UE performance requirements for high rank TM3/4.

4
Link performance
In this section we present link performance for high rank TM3/4 and several TM9 configurations based on the new correlation model [5]. In the appendix we present the simulation assumptions are summarized in Table 2 as well as further simulation results based on the existing correlation model. In Figure 1 - Figure 4 we have been simulating TM4 with rank2 and rank3 as well as TM9 with two CRS configurations in terms of number of ports (CRS overhead). Two channel models have been used EPA5 and ETU70 and MMSE receiver is assumed at the UE. TM3 has been simulated in ETU70 channel conditions.
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Figure 1: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, New medium correlation, rank 2 and EPA5 channel model. For TM9, 2 and 4 CRS APs have been used.
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Figure 2: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, New medium correlation, rank 3 and EPA5 channel model. For TM9, 2 and 4 CRS APs have been used.
[image: image3.emf]
Figure 3: The performance simulations for TM3/4 and TM9 with antenna configuration 4x4 with ULA and Xpol, New medium correlation, rank 2 and ETU70 channel model. For TM9, 2 and 4 CRS APs have been used.
[image: image4.emf]
Figure 4: The performance simulations for TM3/4 and TM9 with antenna configuration 4x4 with ULA and Xpol, New medium correlation, rank 3, and ETU70 channel model. For TM9, 2 and 4 CRS APs have been used.
5
Conclusions

In this contribution we have been presenting views with respect to the support of high rank operation in TM4. The following observations and proposals can be summarized.
Proposals: 

1. Send an LS to RAN1 and RAN2 asking for technical discussions on enabling the support for high rank TM3/4 for CAT6 and beyond.
2. Introduce the necessary UE performance requirements for high rank TM3/4.
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Appendix

The appendix contains several results based on the existing medium correlation model. Similar observations as in the previous figures can be noted.
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Figure 5: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, medium correlation, rank 2 and EPA5 channel model. For TM9, 2 and 4 CRS APs have been used.
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Figure 6: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, medium correlation, rank 3 and EPA5 channel model. For TM9, 2 and 4 CRS APs have been used.
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Figure 7: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, medium correlation, rank 2 and ETU70 channel model. For TM9, 2 and 4 CRS APs have been used.
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Figure 8: The performance simulations for TM4 and TM9 with antenna configuration 4x4 with ULA and Xpol, medium correlation, rank 3, and ETU70 channel model. For TM9, 2 and 4 CRS APs have been used.
Table 2: Link-level simulation assumptions for transmission modes 4 and 9.

	Parameters
	Values

	
	TM3/4
	TM9

	#CRS antenna ports
	4
	2 and 4

	CSI-RS configuration
	-
	NZP: csi-rs-periodicity = 5, csi-rs-ports-configured = 4, csi-rs-offset = 2.

ZP: Not configured

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	PDSCH Resource allocation
	50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	EPA 5 Hz and ETU 70 Hz

	EVM
	6%

	Antenna configuration
	4x4, Xpol and ULA

	Correlation model
	Medium and New Medium [5]

	Rank
	2 and 3

	MCS
	16 QAM ½

	Receiver algorithms
	MMSE

	Channel estimation
	Realistic

	SNR estimation
	Realistic

	PMI
	Wideband

	Feedback periodicity
	5 ms

	PCFICH
	CFI = 3


