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1 Introduction

In the RAN1#72 meeting, the transmission mode for NCT was discussed and the following conclusions were agreed [1]:   
· A TM based on TM10 is supported on NCT
· FFS until RAN1#72bis whether TM9 is supported on NCT
As discussed in [2], TM9 is not appropriate for NCT because it needs CRS for interference estimation. Thus, in our understanding, TM9 is not supported on NCT. This contribution provides our views on the evolution of transmission mode 10 for NCT, and it mainly focuses on transmission schemes and CSI feedback. As discussed in [3], transport block size for NCT also needs to be enhanced.
2 Discussion
A transmission mode is mainly characterized by its associated transmission schemes, including the corresponding DCI formats and demodulation reference signal, and by CSI feedback. For TM10 in Rel-11, the transmission schemes include the closed-loop transmission scheme and the fallback transmission scheme. It is straightforward to reuse the closed-loop transmission scheme of TM10 for NCT with a DCI format based on format 2D. This section focuses on the fallback transmission scheme and CSI feedback.
2.1 Fallback transmission scheme 
Robustness of the fallback transmission scheme should also be provided for NCT, considering use cases like PDSCH transmission under poor channel conditions or for PDSCH transmission for some common control signaling. However, as described in the following paragraphs, without any enhancement, the only available fallback transmission scheme on NCT is single antenna port 7 with type 2 localized resource allocation, the performance of which is much worse than that of CRS-based transmit diversity, which is used as the fallback transmission scheme for backward compatible carrier type (BCCT), thus enhancement of the fallback scheme for NCT should be considered.  
In Rel-11, the fallback transmission schemes for TM10 are as below:

· Non-MBSFN subframe: If the number of PBCH antenna ports is one, the fallback transmission scheme is single- antenna port (port 0); otherwise it is CRS based transmit diversity.

· MBSFN subframe: The fallback transmission scheme is single-antenna port (port 7).
Since only a reduced CRS will be transmitted on NCT and it is not used for demodulation, the only choice for fallback transmission scheme is single-antenna port (port 7) according to the current mechanism. In addition, DM-RS based PDSCH transmission does not co-exist with type 2 distributed resource allocation as the DMRS pattern is defined on a PRB-pair and not a slot, and DCI format 1A is only for type 2 resource allocation, the only available fallback scheme for NCT is single-antenna port (port 7) with type 2 localized resource allocation. 
Single-antenna port (port 7) with type 2 localized resource allocation as the fallback transmission scheme was acceptable for TM10 in Rel-11 because subframes 0,4,5,9 in FDD and subframes 0,1,5,6 in TDD cannot be configured as MBSFN subframes. Thus UEs in fallback mode and UEs with poor channel quality can be scheduled with CRS-based transmit diversity in the non-MBSFN subframes. 
In addition, if standalone NCT is justified, it must also support PDSCH corresponding to other RNTIs like SI-RNTI, P-RNTI and RA-RNTI. In Rel-11, CRS-based fallback transmission schemes of PDSCH corresponding to C-RNTI are also used as the transmission schemes for PDSCH corresponding to these RNTIs. The same principle should be used for NCT. However, since there is no CRS-based transmit diversity on NCT, the only available transmission scheme is again single-antenna port (port 7) with type 2 localized resource allocation. An additional consideration for this type of PDSCH is that there is no retransmission mechanism, so robustness is even more critical than for fallback. 
As discussed in [2], discussion and evaluation are needed to determine if single-antenna port (port 7) with type 2 localized resource allocation is sufficient for NCT. In order to compare the performance of single antenna port 7 and CRS-based transmit diversity, link-level simulations are performed with the simulation assumptions shown in Table 1 in Appendix A. The simulation results are shown in figure 1. 

[image: image1.emf]-2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

SNR

BLER

ETU, 120km/h, QPSK,4RB, Localized resource allocation, Payload 624bits

 

 

CRS-based TxD

Port 7


Figure 1. Simulation results of CRS-based transmit diversity and single antenna port 7.
From the simulation results, we can see that the performance of single antenna port 7 with type 2 localized resource allocation is much worse than the performance of CRS-based transmit diversity. Therefore, enhancement of the fallback transmission scheme for NCT should be considered. Some possible ways to be considered are as below. 
Option 1: Introducing single-antenna port 7 with type 2 modified distributed resource allocation
In general, without CSI feedback corresponding to the transmission scheme, distributed transmission has better performance than localized transmission due to more frequency diversity gain. However, the current type 2 distributed resource allocation does not co-exist with DM-RS based PDSCH transmission. A simple way to improve performance is to modify the type 2 distributed resource allocation. For example, the mapping scheme from DVRB to PRB for even slot number in type 2 distributed resource allocation can be applied to both slots. In order to evaluate the performance of single antenna port (port 7) with type 2 modified distributed resource allocation, link-level simulations are performed with the simulation assumptions shown in Table 1 in Appendix A. The simulation results are shown in figure 2.  
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Figure 2. Simulation results of single antenna port 7.
From the simulation results, we see that modified resource allocation can improve the performance of the fallback transmission scheme on NCT, and we can expect that there is only a little specification impact.
Option 2: Introducing a new more robust transmission scheme 
DM-RS based transmission schemes which have better performance can be considered. For example, random beamforming based on port 7/9 similar as that used for EPDCCH, and DM-RS based transmit diversity which uses Alamouti encoding as that for TM2, can be considered. In order to evaluate the performance of the transmission schemes, link-level simulations are performed with the simulation assumptions shown in Table 1 in Appendix A. The simulation results for ETU 120km/h are shown in figure 3, more simulation results can be found in Appendix B. Considering that type 2 modified distributed resource allocation can improve the performance, performance for different transmission schemes with the modified distributed resource allocation are also simulated. In addition, the performance of CRS-based transmit diversity is also provided for comparison.  
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Figure 3. Simulation results for different transmission schemes.
Comparison of the transmission schemes
From the simulation results, we see that the performance of DM-RS based transmit diversity with modified distributed resource allocation is the best among the transmission schemes. One concern on DM-RS based transmit diversity is the orphan RE issue due to odd number of available REs because of other signals like CSI-RS. For simplicity transmit diversity could just be allowed in PRBs with only PDSCH and DM-RS transmissions if it is introduced for NCT. 
From figure 3 to figure 5, we also see that random beamforming based on antenna port 7 and antenna port 9 does not outperform single antenna port 7 with modified distributed resource allocation in the region of interest (i.e. around 10% BLER). One reason is that PRB-level random beamforming was used for port 7 in our simulation, thus the spatial diversity gain of random beamforming based on antenna port 7/9 is margin. On the other hand, random beamforming based on two DMRS ports has larger DM-RS overhead compared to single antenna port (port7), which will result in higher code rate. Thus, random beamforming based on antenna port 7 and antenna port 9 is not preferred.
From the simulation results, we can see that although the performance of single antenna port 7 with type 2 modified distributed resource allocation is worse than DM-RS based transmit diversity with type 2 modified distributed resource allocation, it is still better than single antenna port 7 with type 2 localized resource allocation. In addition, it does not suffer from the orphan REs issues. Thus one possible way to enhance the fallback transmission scheme of NCT is that DM-RS based transmit diversity with type 2 modified resource allocation is used in PRBs with only PDSCH and DM-RS transmissions, otherwise, single antenna port 7 with type 2 modified distributed resource allocation is used.

For the corresponding DCI format for fallback, reusing DCI format 1A can be considered because it can limit the specification impact and offer the advantage of keeping the commonality with other transmission modes. However, depending on the detailed scheme to be introduced, modifications can also be considered for DCI format 1A.  

In addition, if a CSI process is configured without PMI/RI reporting for a UE configured with TM10, the CSI will be calculated with the assumption of CRS-based transmit diversity, where the channel measured on CSI-RS is assumed to be observed on hypothetic CRS ports. This mechanism was adopted to avoid large changes in the CQI derivation, and because CRS-based transmit diversity is used for fallback in TM10. Since the fallback scheme for NCT is no longer based on CRS-based transmit diversity, re-design of the CQI derivation without PMI/RI feedback can be considered on NCT.
Proposal 1: Enhancement of the fallback transmission scheme for NCT should be considered. 
· Single antenna port (port 7) with type 2 modified distributed resource allocation and DM-RS based transmit diversity with type 2 modified distributed resource allocation can be considered, where the mapping scheme from DVRB to PRB for even slot number in type 2 distributed resource allocation is applied to both slots. 

· DCI format 1A can be reused for scheduling the enhanced fallback transmission scheme. Modifications to DCI format 1A can be considered if necessary. 
2.2 CSI feedback 
For TM10 in Rel-11, CSI feedback utilizes channel state information reference signal (CSI-RS) for channel measurement and CSI-interference measurement (CSI-IM) for interference estimation. This is very appropriate for NCT since there is only reduced CRS on NCT. However, as discussed in section 2.1, re-design of the CQI derivation without PMI/RI feedback can be considered on NCT. In addition, two possible enhancements are also discussed in the following two paragraphs.  
CSI-RS is transmitted periodically within the whole bandwidth for CSI feedback in Rel-11, no matter whether CSI is really needed or not. This is inefficient in terms of spectral efficiency. Thus some possible enhancement could be considered. For example, feasibility of transmitting CSI-RS for CSI feedback only when there is aperiodic CSI reporting and/or transmitting CSI-RS only within part of the bandwidth can be studied. 
In Rel-11, CSI is calculated based on an unrestricted observation interval in time and frequency. That is, a UE may perform channel and/or interference measurement averaging to get the CSI. However, in some special cases like dynamic point blanking (DPB) in CoMP scenario, it may be more accurate to estimate the interference without averaging considering link adaptation. Thus, interference measurement averaging controlled by eNB could be considered.
Proposal 2: Enhancement of the CSI feedback can be considered specifically for the NCT. Some of the possible enhancements for CSI feedback on the NCT may be specified for:

· CQI derivation without PMI/RI feedback

· Aperiodic transmission of CSI-RS and CSI-IM

· The averaging applied to interference measurements over CSI-IM
2.3 Other aspects  
According to the above discussion, enhancements for TM10 are needed for NCT. Even though this contribution mainly focuses on transmission schemes and CSI feedback, quasi co-location rules for TM10 [4] and transport block size [3] may also need to be enhanced for NCT. In addition, PDSCH RE mapping rules should be revisited. For example, because reduced CRS may not be present in a subframe, “0” could be added as one of the values of the parameter crs-PortsCount-r11, or a new parameter could be defined for NCT. Also, because it is possible to start the PDSCH from the first symbol in a subframe, the reserved value for pdsch-Start-r11 can be changed to “0”. However, whether a new transmission mode needs to be introduced or TM10 can be reused with some modification will depend on the details of the enhancements.
Enhancements related to other Rel-12 work should be supported on the NCT, such as new 4Tx codebook and feedback modes, and the introduction of 3D beamforming. These enhancements could be combined into the single transmission mode based on TM10 that supports closed-loop operation on NCT.
3 Conclusion

In this contribution, we provide our views on the evolution of TM10 for NCT. Based on the discussion in Sec. 2, we have the following proposals:
Proposal 1: Enhancement of the fallback transmission scheme for NCT should be considered. 
· Single antenna port (port 7) with type 2 modified distributed resource allocation and DM-RS based transmit diversity with type 2 modified distributed resource allocation can be considered, where the mapping scheme from DVRB to PRB for even slot number in type 2 distributed resource allocation is applied to both slots. 

· DCI format 1A can be reused for scheduling the enhanced fallback transmission scheme. Modifications to DCI format 1A can be considered if necessary.

Proposal 2: Enhancement of the CSI feedback can be considered specifically for the NCT. Some of the possible enhancements for CSI feedback on the NCT may be specified for:

· CQI derivation without PMI/RI feedback

· Aperiodic transmission of CSI-RS and CSI-IM

· The averaging applied to interference measurements over CSI-IM  
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Appendix A

Simulation Assumptions 
Table 1. Simulation assumptions.
	Parameter
	Value

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model and velocity
	EPA3km/h, ETU 30km/h, ETU 120km/h

	Number of PDSCH RBs
	4

	Antenna configuration
	2 TX, 2 RX

	PDSCH starting symbol
	0

	CRS port 
	None for DM-RS  based transmission schemes; 

    Port 0 and port 1 for CRS-based transmit diversity

	Antenna correlation 
	Low correlation 

	Channel estimation
	Real

	Modulation 
	16QAM, QPSK

	Payload size
	1248 for 16QAM;
642 for QPSK;

	Receiver type
	MMSE


Appendix B

Link-level Simulation Results 

More simulation results for different transmission schemes are shown from figure 3 to figure 4.
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Figure 4. Simulation results for EPA 3km/h.
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Figure 5. Simulation results for ETU 30km/h.











































































