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1 Introduction
In RAN1 #77 meeting, the following agreements were reached on the design of Modulation / TBS index and TBS tables to support 256QAM in the LTE downlink [1]:

	For 256QAM MCS table, the following is agreed:
· Confirm the working assumption

· the # of implicit entries is 4

· Remove entries with overlapping spectral efficiency but different modulation orders

· Retain I_TBS=0

· Remove at least existing MCS entries {#1, #3, #5, #7, #9, #10, #17, #28}
Working assumption:
· Not to additionally remove any other MCS entry or entries 

· The positions of MCS indices are ordered based on spectral efficiency


In addition, the following details of 256QAM UE category and capability signalling were proposed:

	· Introduce signaling to indicate UE support for 256QAM

· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4

· One new UE category with 256QAM is introduced

· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM

· “Total number of soft channel bits” [47 431 680 bits]
· FFS: Support existing UE categories or new UE category


In this contribution we provide our views on the remaining open issues related to the design of Modulation / TBS index table to support 256QAM and UE categories. In appendix we also provide simulation results for 256QAM PMCH. 
2 Discussion on the remaining details of 256QAM
Ordering of MCS in MCS/TBS in TBS index table
Ordering of MCS in MCS/TBS and TBS index tables has been discussed in RAN1#77 meeting. Two alternatives has been considered:
· Alt 1: The positions of MCS indices are ordered based on spectral efficiency

· Alt 2: A common set of MCS indices are maintained between the legacy MCS table and the new MCS table
Based on the discussion the Alt. 1 has been agreed as a working assumption with the following “drawbacks” mentioned for Alt.2:

· no difference in terms of spec impact between Alt 1 and Alt 2
· additional eNB mechanisms in handling two different tables
· RRC re-configuration ambiguity is not necessary to be further designed; 
In our view the observations on Alt. 1 captured in the notes are not valid. More specifically, in [2] it has been demonstrated that specification impact from Alt. 2 could be smaller than for Alt. 1. Also both alternatives has the same impact w.r.t. handling of the MCS/TBS table at the eNB. Moreover, as mentioned in [2], Alt. 2 could provide memory savings and has the advantage of supporting MIMO during RRC reconfiguration period, which would occur for 256QAM more frequently to reduce power consumption at the UE. 
Transport block size determination for PDSCH associated with P-RNTI, RA-RNTI and SI-RNTI  
In LTE for PDSCHs associated with P-RNTI, RA-RNTI and SI-RNTI, UE should assume QPSK modulation and ITBS equal to IMCS. If UE receives DCI format 1A with LSB of TPC command for PUCCH (2bits) is 0, 
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=3, then, the column indicator 
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in Table 7.1.7.2.1-1 of TS36.213 is selected in accordance to 
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. Therefore, only the columns for 
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=2 and 
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=3 are used for PDSCH referenced by SI-RNTI, RA-RNTI or SI-RNTI. Since in Rel-8, the TBS indices are limited to the range of 0-26, IMCS ≥ 27 will not be used at the eNB for such PDSCH transmissions. Under this assumption, if a UE detects a DCI Format 1A CRC scrambled by P-RNTI, RA-RNTI, or SI-RNTI and IMCS ≥ 27, the UE by implementation should ignore the corresponding DCI. 
With introduction of the 256QAM, the range of TBS indices will be increased, e.g. to 0-32 range. It would make IMCS ≥ 27 indices meaningful for PDSCH transmissions scheduled by P-RNTI, RA-RNTI and SI-RNTI. However, given that such PDSCH transmissions can be shared by multiple UEs, including those not supporting 256QAM, such assumption on IMCS is not desirable. Therefore, the following proposal can be made to avoid new case in the UE implementation:
Proposal 1:

· UE should not expect PDSCH with DCI Format 1A CRC scrambled with P-RNTI, RA-RNTI or SI-RNTI with 
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3 Discussion on remaining details of UE category

UE category with 256QAM

In Rel-11 ten UE categories were defined to support the most important transmission scenarios for CA and MIMO. Each UE category is differentiated from each other by the set of the following physical layer parameters: 

· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of bits of a DL-SCH transport block received within a TTI 

· Total number of soft channel bits
· Maximum number of supported layers for spatial multiplexing in DL

While “Maximum number of supported layers for spatial multiplexing in DL” is not expected to be different for 256QAM and non 256QAM capable UEs, support of 256QAM might have impact on the other physical layer parameters of the existing UE categories. 

In principle all physical layer parameters in the existing UE categories could be increased to facilitate the optimal performance for 256QAM transmissions. However, considering additional UE cost and possible use cases of 256QAM, this approach should be considered only for the high-end UE category, i.e. UE category 8 [2], mainly to demonstrate the potential performance of LTE-A. Hence, on RAN1#78 meeting, it was greed to introduce a new UE category with mandatory support of 256QAM, where all relevant physical layer parameters are scaled. 

For other UE categories, e.g., UE categories 6, 7, 9 and 10, some practical approaches to reduce UE cost and complexity should be considered to facilitate an easier adoption of 256QAM feature in the UEs. For example, as proposed in [3-4] UE complexity and cost can be reduced if some of the physical layer parameters are kept the same as in the Rel-11 UEs not supporting 256QAM. In this approach, as analyzed in [3-4], the most significant cost reductions is provided by keeping “Total number of soft channel bits” the same, which facilitates UE memory savings which can be relatively significant for the considered UE categories. In this approach, however, the UE implementation advantages comes at the expense of some PDSCH performance degradation for higher order 256QAM MCS and some efficiency reduction of HARQ IR due to dropping of the larger amount of the parity bits in the LBRM. Additional complexity reductions at the UE can be provided by keeping “Maximum number of DL-SCH transport block bits received within a TTI” the same that determines the peak data rate at the UE. However larger performance impact is expected from this constraint. Based on the discussion above the following proposal can be made:

Proposal 2:

· Introduce support of 256QAM for UE categories 6, 7, 9 and 10. 
· For 256QAM capable UE keep the total number of soft channel bits
· Consider keeping the same peak data rate as in the existing UE categories.

Backwards compatibility and soft buffer ambiguity for a new UE category with 256QAM
In Rel-10/11, UE supporting Rel-11 and Rel-10 UE categories is also required to signal corresponding Rel-8 and Rel-10 UE categories. Signalling of multiple UE categories is needed to ensure backward compatibility access of the UE to the networks of previous releases. Since the rate matching pattern can change according to UE category, the UE needs to know whether the UE should follow the rate matching pattern of the Rel-8 UE category or Rel-10 UE category or that of the Rel-11 UE category. To address this ambiguity problem TS 36.212 defines the rule that determines the rate matching pattern in accordance to TM9/10 configurations and MIMO capability on the considered carrier.
With introduction in Rel-12 of a new UE category with mandatory support of 256QAM, the solutions to support backward compatibility and rate matching ambiguity should be also considered. More specifically, to support backward compatibility with Rel-8/10 networks, UE supporting a new UE category with 256QAM should also signal UE category 8 and UE category 5 to ensure access to Rel-8/10 networks.
Proposal 3:

· A new UE Rel-12 category with mandatory support of 256QAM is required to signal UE categories 5 and 8 to support backwards compatibility. 
The ambiguity between the Rel-8/10 and Rel-12 rate matching patterns can be handled using configuration status of 256QAM on the serving cell. More specifically, a new rate matching pattern should be used only when 256QAM is configured on serving cell, otherwise the rate matching of Rel-8 or Rel-10 should be assumed depending on TM9-10 configuration. This rule of resolving the ambiguity between rate matching patterns can be defined in TS 36.212 as follows:
	If the UE signals ue-Category-v12xx and is configured with 256QAM for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v12xx [6],  else if the UE signals ue-Category-v12xx and is not configured with 256QAM or if UE signals ue-Category-v1020 and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].

If Nsoft = 35982720, or Nsoft = [47 431 680]
KC= 5,
elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

else 

KC  = 1

End if.


4 Summary

In this contribution we have provided our views on the remaining details for 256QAM. The following proposals have been made:
· UE should not expect PDSCH with DCI Format 1A CRC scrambled with P-RNTI, RA-RNTI or SI-RNTI and 
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· For backwards compatibility a new Rel-12 UE category with mandatory support of 256QAM is also required to signal UE categories 5 and 8.
· The ambiguity between the Rel-8/10 and Rel-12 rate matching patterns due to different soft buffer sizes in a new UE category and UE category 5 and 8 should be resolved by using configuration status of 256QAM on the serving cell.
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Appendix
256QAM support for PMCH transmission

256QAM for PMCH has been discussed in RAN1#77 meeting, however the support 256QAM over PMCH has not been agreed for Rel-12. In this section we provide evaluation results to demonstrate the potential usefulness of 256QAM feature for PMCH. 
Figure 1 shows the SINR distribution for PMCH over small cell layer in small cell deployment scenario 2a without consideration of Tx and Rx EVMs. The deployment of 1, 4 and 10 small cells in small cell cluster has been considered in the evaluations to evaluate impact of small cell densification on the performance of PMCH and PDSCH. The association of the UEs to the cells has been performed based on maximum RSRQ value, which has been derived at the UE assuming full loading of the cells.
Two PMCH transmission approaches has been used in the evaluations (see Figure 1):
· Intra cluster PMCH transmission – SFN combining over small cells of a single small cell cluster
· Inter cluster PMCH transmission – SFN combining over small cells of all small cell clusters
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(a) SFN combining over single small cell cluster

(b) SFN combining over multiple small cell clusters

Figure 1: PMCH transmission approaches
Assuming that typical SINR switching point for 256QAM is approximately defined in the range of 20-25dB, it can be seen from Figure 2, that support of 256QAM over PMCH might be useful only in the dense deployment scenario with 10 cells per small cell cluster and inter cluster PMCH transmission with SFN combining over all small cells. In other scenarios the low SINR UEs might prohibit reliable reception of the PMCH with 256QAM and would require additional time/frequency resources for PMCH transmission with low modulation order. It can be also seen that support of 256QAM for unicast transmission in such dense scenario becomes problematic, due to high interference levels generated by the neighbouring cells. Such observation is inline with previous agreements in RAN1, that 256QAM provides gains mainly in the sparse (isolated) small cell deployments.
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Figure 2: SINR distribution for PMCH in small cell scenario 2a
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