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1 Introduction

In the RAN#57 meeting, a WI [1] for New Carrier Type (NCT) was approved. The objective of the first phase for the WI is as below:
· In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier:
· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type
The objective of the first phase mainly focuses on non-standalone NCT, which was discussed in several meetings in Rel-11. This contribution provides an overview of the issues discussed or proposed in Rel-11, and analyzes if these issues need further discussion in Rel-12 in RAN1. 
2 Overview of the non-standalone NCT design
2.1 Reduced CRS
As a result of the time and frequency synchronization discussions, it was agreed that a reduced CRS is transmitted on the non-synchronized carrier for synchronization and measurement purposes. For the reduced CRS, the following conclusions were agreed in the RAN1 #68bis meeting [2]:

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Ask RAN4 for guidance on RRM measurement handling

· BW is FFS until RAN1#69 between one of:

· full system BW

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Since the reduced CRS may impact the time and frequency synchronization performance and RRM measurements, an LS was sent to RAN4. A goal of the LS is to seek guidance from RAN4 on which bandwidth (as listed in the agreement above) is considered as sufficient from the perspective of time and frequency tracking accuracy and RRM measurements [3]. RAN4 recently started discussing the LS and also observed that there is throughput performance loss for smaller carrier bandwidths compared to legacy carriers. This is due to the 5 ms periodicity [4] causing insufficient synchronization accuracy. If their study concludes that the reference signal density needs to increase, RAN1 may need to revisit the design of the reduced CRS. Thus, RAN1 should wait for the response from RAN4 before proceeding with some issues related to the reduced CRS design, such as the issues given in Sec. 2.1.1 and Sec. 2.1.2. 

Based on the current agreement from RAN1 in Rel-11, the following issues of reduced CRS also need to be discussed.
2.1.1 Subframe location of reduced CRS

The current agreement states that the reduced CRS is transmitted within 1 subframe with 5 ms periodicity, thus these subframes need to be defined. Some solutions were proposed, such as transmitting reduced CRS in the same subframe as the PSS/SSS [5]
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[6] and introducing a subframe offset parameter configured by higher layers [7]
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[8]. For TDD, one solution was to utilize subframes at the UL/DL switch point [5]. More discussion is needed to evaluate these solutions in Rel-12.
2.1.2 Cell-specific frequency shift of reduced CRS

In Rel-8, a cell-specific frequency shift is used for CRS. The motivation of frequency shift is to avoid CRS collision among adjacent cells, which can improve the channel estimation and interference estimation. According to the agreements, the reduced CRS reuses the Rel-8 CRS port 0 REs, whose frequency shifts are determined by the cell ID. While the working assumption is that the cell-specific frequency shift will be used for the reduced CRS, it was proposed not to use the shift in [9]. There may be some benefit for the NCT if cell-specific frequency shift is not supported, such as avoiding interference to PDSCH transmission. However, the impact of not supporting the shift needs to be considered at least for some scenarios. For example, for the scenario of same carrier-frequency deployment of NCT and legacy carrier as shown in Figure 2 in [10], the legacy carrier and the NCT are deployed on the same carrier-frequency and not utilizing cell-specific frequency shift may affect the legacy carrier. 
In addition, it should be noted that the reduced CRS is significantly sparser than the normal CRS, which may impact the performance of the time- and frequency synchronization. If the cell-specific frequency shift were removed, the inter-cell interference on the reduced CRS may increase, further complicating synchronization. Further evaluation of synchronization performance is needed by RAN1 and RAN4 to determine whether the frequency shift could be removed. 
Thus, in our understanding, cell-specific frequency shift is supported on the NCT and whether additional mechanisms are needed may be further discussed and evaluated. 
2.1.3 Reduced CRS for the synchronized carrier case

For the synchronized carrier case, the UE would be able to utilize time- and frequency synchronization from a legacy carrier. For example, the synchronized and non-synchronized carrier cases could both be accommodated by having the reduced CRS transmission configurable for the NCT. Hence, further study is needed whether there is any other purpose for which the reduced CRS needs to be present in this case, e.g., for measurement- and RRM procedures.   
Proposal 1: Subframe location, cell-specific frequency shift and transmission on synchronized carrier of reduced CRS need to be further discussed in RAN1 in Rel-12. 
2.2 Location of the PSS/SSS
In the RAN1 #68bis meeting, it was agreed that PSS/SSS is transmitted on non-synchronized carrier [2]. The frequency location will not be changed, however, the time location of the PSS/SSS is still undecided. So far, several solutions were proposed such as introducing a new time locations [11] or keeping the existing time locations [12]
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[13], considering part or all of the following issues:

· How to avoid PSS/SSS and DM-RS collisions on the new carrier type
· How to prevent a Rel-8 UE acquiring the PSS/SSS of the new carrier type
· How to identify whether a carrier is an NCT
For PSS/SSS and DM-RS collision, the existing solution of not transmitting the DM-RS for legacy carrier is not suitable for the new carrier type because it limits the use of the RBs containing PSS/SSS for data transmission. Thus at least for this issue, the time location of PSS/SSS on non-synchronized carrier needs to be further discussed. 
In addition, whether PSS/SSS are transmitted on synchronized carrier was also discussed in Rel-11. However no conclusion was agreed. As described in [14], since the overhead reductions from removing PSS/SSS on the synchronized carrier is significant, it is worthwhile to discuss whether PSS/SSS are transmitted on synchronized carrier in Rel-12.

Proposal 2: Time locations of PSS/SSS on non-synchronized carrier and whether PSS/SSS are transmitted on synchronized carrier needs to be further discussed in Rel-12. 
2.3 Transmission mode 
In the RAN1 #69 meeting, transmission mode for the new carrier type was discussed and the following conclusions were agreed [12]:

· TMs 1- 8 are not supported on the NCT
· “up to 8 layer transmission scheme” is supported on the NCT

· DCI formats 1A, 2C (including any Rel-11 bit changes) are supported for PDSCH transmissions on the NCT, both on ePDCCH on the NCT and by cross-carrier scheduling from the associated legacy carrier

· If DCI format 1A is used, a single DM-RS port is used for PDSCH demodulation

· FFS which port

· Any new TM (or modifications to TM9) that may be introduced for CoMP, together with associated DCI format, will also be supported on the NCT
· ePDCCH can be transmitted on the NCT

· DCI formats 0 and 4 (including any Rel-11 bit changes) can be carried on ePDCCH on the NCT

It was agreed to introduce TM10 for CoMP in the RAN1 #70 meeting [15] and DCI format 2D is used for TM10 in the RAN1 #70bis meeting [16]. Thus, TM10 and DCI format 2D are supported on the NCT. Given that TM10 is now agreed and it can support all functionalities of TM9 with improved interference measurements, RAN1 should reconsider whether TM9 also needs to be supported on the NCT. In addition, it is reasonable to use DCI format 1A for fallback transmission, thus the single DMRS port used for PDSCH demodulation when DCI format 1A is used also needs to be discussed in Rel-12. 
Proposal 3: TM10 and DCI format 2D are supported on the NCT. Whether TM9 is also supported on the NCT needs to be further discussed in Rel-12.
· The single DMRS port used for PDSCH demodulation when DCI format 1A is used also needs to be discussed.
2.4 Legacy control region 

In the RAN1 #69 meeting, it was agreed that EPDCCH can be transmitted on the NCT [17]. However, according to the discussion for EPDCCH, the EPDCCH cannot be transmitted in certain subframes, e.g., subframes with PMCH and the TDD special subframe with special subframe configurations 0 and 5 for normal CP or special subframe configurations 0, 4 and 7 for extended CP. For the subframe with PMCH, PMCH will occupy the whole carrier bandwidth according to the current specification; thus it cannot be multiplexed with EPDCCH. For special subframe configurations 0 and 5 for normal CP or special subframe configurations 0, 4 and 7 for extended CP, there are not enough resources and no DMRS for EPDCCH. Since EPDCCH is not available in these subframes, there will be impact on the UL scheduling. Such issues were already identified during the EPDCCH discussion in Rel-11, and the following agreements for EPDCCH monitoring subframes were achieved in the RAN1 #70bis meeting [16]: 
· Higher layer signalling is provided to indicate the subframes for / not for EPDCCH monitoring.

· If a UE is aware that a subframe contains PMCH but receives higher layer signaling indicating that this subframe should be monitored for EPDCCH, the UE monitors USS on PDCCH not EPDCCH in that subframe. 

If the above solution is reused, the legacy control region would need to be configured for some subframes on the NCT. However, as described in the WI [1], minimizing legacy control signalling can reduce the interference and overhead. Thus, whether legacy control region can be configured on the NCT needs to be discussed. In addition, if legacy control region can be configured on the NCT, the reference signal used to demodulate the channel in the legacy control region needs to be further discussed. 
Proposal 4: Whether legacy control region can be configured on the NCT needs to be discussed in Rel-12.
2.5 Resource allocation 

In the RAN1 #69 meeting, resource allocation was discussed. Although there was no conclusion, the main proposed options are:

· Option 1: Single PDCCH/EPDCCH using joint encoding information fields in the DCI format 
In this option, a single PDCCH/EPDCCH is used for the legacy carrier and an associated new carrier by using jointly encoding one or several information fields in the DCI format. As described in [14], overhead reduction could be envisaged. 
· Option 2: Multiple PDCCHs/EPDCCHs 
In this option, multiple PDCCHs/EPDCCHs are used for the legacy carrier and an associated new carrier [18]
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[19]. 
Option 2 is the same solution as the existing CA behavior. However, as described in [14], option 2 may be inefficient if the aggregation bandwidth is less than 20MHz. Thus, resource allocation and joint encoding of DCI fields should be further discussed in Rel-12, especially for the synchronized carrier case. 
Proposal 5: Resource allocation should be further discussed in Rel-12. 
2.6 Sounding capability on uplink new carrier type 

As described in [14], non-standalone NCT cannot be configured as a DL PCC but will only serve as a DL SCC in Rel-12. According to the current agreement, only the UL PCC can contain the PUCCH, thus the UL CC linked to a DL NCT will not have any PUCCH region. The ‘extra’ RBs previously being used for the PUCCH should thus be available for PUSCH transmission. However, in Rel-8, the SRS bandwidth was chosen assuming some RBs are used for the PUCCH, thus there will be some RBs that cannot be sounded. A fundamental requirement for spectrally efficient PUSCH transmission is that the eNodeB has the means to sound any RB in the carrier. Thus, how to enhance the sounding capability on the uplink NCT needs to be further discussed in Rel-12. 
Proposal 6: How to enhance the sounding capability on the uplink NCT needs to be further discussed in Rel-12. 
2.7 DM-RS on new carrier type 

In the RAN1 #69 meeting, DM-RS pattern was discussed and it was agreed that the existing DM-RS patterns will be used on the NCT [17] due to the limited time of completing Rel-11. However, as discussed in [20], there would be significant throughput losses for the PDSCH with the current DM-RS patterns. To ensure higher throughput, it is essential that the NCT design does not use this reference signal pattern. 
Moreover, there is a discussion in Rel-11 for TM10 to allow a PDSCH starting position on the first OFDM symbol, even for a backwards compatible carrier [21]
. There are also proposals to allow the EPDCCH to start at the first OFDM symbol of a subframe [22]
. Hence, DM-RS patterns which are optimized for EPDCCH/PDSCH transmissions from the first OFDM symbol may be of interest.

Therefore, DM-RS pattern on the NCT should be further discussed in Rel-12.

Proposal 7: DM-RS pattern on the NCT should be further discussed in Rel-12. 
3 Conclusion

In this contribution, we provide an overview of the issues discussed or proposed in Rel-11, and analyze whether further discussion is needed in Rel-12. Based on the discussion in Sec. 2, we have the following proposal:

Proposal: The following issues for NCT need to be further discussed in Rel-12 in RAN1:

· Subframe location, cell-specific frequency shift and transmission on synchronized carrier of reduced CRS
· Time locations of PSS/SSS on non-synchronized carrier and whether PSS/SSS are transmitted on synchronized carrier

· Whether TM9 is also supported and which DMRS port is used for PDSCH demodulation when DCI format 1A is used
· Whether legacy control region can be configured

· Resource allocation 
· How to enhance the sounding capability

· DM-RS pattern
We also note that RAN1 may need to await the LS response from RAN4 before progressing on the work related to the Reduced CRS.
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