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1 Introduction
The enhancement of the downlink spectral efficiency in small cell deployments by means of higher order modulation schemes is topic of the corresponding study item [1] and has been discussed by several companies in contributions submitted to RAN1#72 [2].  

In this contribution, we discuss the requirements that have to be fulfilled in order to use 256QAM efficiently for PDSCH transmission, and we furthermore discussed the necessary adaptation and/or extensions of the control signaling in terms of MCS indication and CQI reporting.

2 Discussion on Requirements

First performance studies have shown that SINR levels of at least 20 dB are required for efficiently supporting 256QAM [4]
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[6]. It has to be evaluated thoroughly, which fraction of UEs would actually benefit from the high spectral efficiencies that can be provided by 256QAM if the channel conditions are beneficial.
Since high order modulation schemes such as 256QAM are very sensitive to transmitter and receiver impairments in terms of non-linearity, phase-noise and I-Q imbalance, the error vector magnitude (EVM) requirements have to be increased for supporting such a modulation order. A corresponding liaison statement has been sent to RAN4 [3] and the resulting conclusions have to be taken into account during performance evaluations.
Another strategy for increasing the spectral efficiency for small cells that is discussed within the scope of small cell enhancement study item next to using 256QAM is the DM-RS reduction. Here it has to be checked carefully how such a DM-RS reduction would affect the performance with 256QAM. The DM-RS reduction describes in general a fundamental means for increasing the spectral efficiency, but it has to be taken into account that it will also reduce the channel estimation accuracy which might have significant impact on the 256QAM error probability. Here it is important to know how typical channel correlation properties of UEs that can be considered to be 256QAM candidates look like. 
Proposal 1:
RAN1 should evaluate and discuss how DM-RS reductions affect the 256QAM performance.

With respect to MIMO, it is reasonable to check whether 256QAM has to be supported for multi-layer transmissions. If the inevitable residual inter-layer interference cannot be expected to be sufficiently small, it may not be required to support 256QAM for such transmission schemes. 256QAM could increase the cost per antenna element as it requires more stringent EVM requirement. On the other hand, increasing the peak data rate without MIMO could mean to reduce MIMO related costs, which scales with the number of antenna elements. In this sense, 256 QAM with reduced rank could be seen from cost perspective as a complementary solution to high rank MIMO transmissions. It has to be discussed whether 256QAM should be supported for up to eight spatial layers or just for a subset (e.g. just single layer transmissions, or just single and dual layer transmissions). Detailed performance evaluations of small scenarios are required. It should furthermore also be discussed whether only DM-RS based transmission schemes, only CRS based transmission schemes, or both should be supported. It means at the end that it has to be checked which transmission modes should be supported. Another issue is whether the use of 256QAM could be tied to certain DCI formats.
Proposal 2:
RAN1 should discuss whether it is required to support 256QAM for transmissions on up to eight spatial layers per UE or only for transmissions with a limited number of spatial layers per UE. 
Proposal 3:
RAN1 should discuss whether it is required to support 256QAM for all transmission modes.
3 Discussion on Control Signaling
If a new modulation scheme should be supported for PDSCH transmissions in addition to the currently available schemes QPSK, 16QAM and 64QAM, certain adaptations of the control signaling becomes necessary. The important aspects are here that the use of 256QAM for PDSCH transmissions has to be indicated by the eNB to the UE and that the UE can inform the eNB about corresponding channel conditions in terms of CQI reporting. The details of both aspects of control signaling are discussed in the following.  

3.1 MCS Indication
The modulation and coding scheme that is used for transmitting a PDSCH is indicated within the MCS field of the DCI. The current DCI field has a fixed length of 5 bits which corresponds to 32 code points that are used for indicating a combination of modulation order and code rate by means of transport block size (TBS). 

In order to support a new modulation order, i.e. 256QAM, an adaptation of the MCS field is required. Two basic options can be considered come into mind for such an adaptation. The first one is a simple extension of the MCS field by one bit which results in an overall set of 64 code points for indication of modulation order and code rate. The second option addresses the usage of the existing 32 code points in a sense that code points previously used for other modulation schemes will be used for indicating 256QAM based PDSCH transmissions.
The current Rel-11 MCS table covers approximately an SINR range between -7 dB and 20 dB with more or less equidistant sampling which is sufficient for covering the expected SINR fluctuations of most UEs in typical deployment scenarios studied so far within the scope of Rel-11. It has to be evaluated in detail how the typical SINR distributions experienced by UEs in the new deployments with small cell clusters and how this affects the SINR range that has to be covered by the MCS table. 

Extending the MCS field in the DCI by one bit (which corresponds to doubling the size of the MCS table) yields a doubling of the covered SINR range as well if the equidistant sampling property is kept. At least the sampling of the currently existing MCS entries should not be modified to simplify the implementation at the eNB. With extended equidistant sampling, the SINR range would then approximately cover 54 dB between -7 dB and 47 dB if all MCS table entries are used for MCS levels that define a certain spectral efficiency. Obviously, such extremely high SINR levels will most probably not be experienced by typical UEs even in indoor deployments of isolated small cells without significant interference since transmitter and receiver impairments have to be taken into account as well, as described in Section 2.
Extending the MCS field has also the effect that the DCI size will be increased, which in general results in a reduced robustness of the transmitted DCI. Even if the DCI size is just increased by a single bit (or two in case of two multi-layer transmissions where two MCS fields are used within the DCI), it has to be considered carefully where such a DCI format extension is really required. On the other hand, it could also be expected that under channel conditions that suggest the use of 256QAM, the slightly reduced DCI robustness might not pose a significant problem.
Keeping the size of the length of the MCS field within the DCI fixed has the advantage that the DCI robustness is not affected, but a reinterpretation of the MCS code points is required. A reasonable assumption in that sense is that UEs that are candidates for 256QAM will experience good or very good average channel conditions. This means that not the whole set of QPSK code rates for robust PDSCH transmissions will be required for those UEs. Such an approach can be interpreted as shifting the SINR range that is covered by the MCS table.  In order to make efficiently use of such an approach, it would be most beneficial to inform UEs about the valid MCS field interpretation with respect to the used MCS table in an UE specific manner. A shift of the covered SINR range to higher SNR levels will mainly be beneficial for UEs with corresponding very good channel conditions. 
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Figure 1: Typical SINR distribution of a cell-center UE and SINR range of extended MCS table
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Figure 2: Typical SINR distribution of a cell-center UE and SINR range of shifted MCS table

Figure 1 and Figure 2 show exemplarily the SINR distribution of a typical cell-center UE in a Rel-11 FeICIC HetNet scenario and the SINR ranges that are covered by the MCS tables constructed by the different approaches described above. The example shows that a proper shift of the covered SINR range could be used for covering all SINR levels experienced by an UE. However, it has to be checked how the SINR distributions of different UEs look like in the new small cell deployment scenarios considered in the small cell enhancement study item.
Small cell deployments with small cell sizes might make it difficult to manage separate handling for cell-center UE and cell-edge UEs. It might furthermore be possible that unexpected coverage holes due to non-planned deployments result in unstable cell-center UEs. Comprehensive performance studies by means of system level simulations of the currently discussed small cell deployment scenarios are required in order to draw valid conclusions regarding these issues. 

Table 1: Current Rel-11 MCS table

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	15

	18
	4
	16

	19
	4
	17

	20
	4
	18

	21
	4
	19

	22
	4
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26

	29
	2
	reserved

	30
	4
	

	31
	6
	


Table 2: Adapted MCS table for 256QAM

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	8
	26

	1
	8
	27

	2
	8
	28

	3
	8
	29

	4
	8
	30

	5
	8
	31

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	15

	18
	4
	16

	19
	4
	17

	20
	4
	18

	21
	4
	19

	22
	4
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26

	29
	2
	reserved

	30
	4
	

	31
	6
	


The current Rel-11 MCS table and an adaptation for 256QAM corresponding an SINR range shift are shown in Table 1 and Table 2, respectively. The lowest six MCS table entries are overwritten in terms of both modulation order and TBS index in Table 2. The modulation order is changed from 2 (corresponding to QPSK) to 8 (corresponding to 256QAM), and the TBS index is increased.  The latter requires an extension of the current Rel-11 TBS table since the maximum TBS index is so far 26. Please note that this is just an example to show the effect. In order to support sudden drops of SINR levels, the support of certain robust MCS entries for low SINR levels might be essential in the final MCS table design.
As a summary of the discussion above, we see two options for the MCS indication with support of 256QAM:

Option 1: 
Keeping the length of the MCS field within the DCI, where either 

(a) 
certain MCS code points are replaced by 256QAM entries, or 

(b) 
the MCS table is extended by 256QAM entries out of which 32 code points 
need to be configured that are addressable by the MCS field.

Option 2:
Extending the MCS field within the DCI by one bit and defining an extended MCS table that covers all code points of the extended MCS field.

The strategy described under Option 1 should preferably by used in an UE specific manner in order to select proper MCS combinations that fit to the expected channel conditions of each UE.  
Proposal 4: 
RAN1 should discuss whether an MCS field extension is required for 256QAM or whether code points of the current MCS field can be used in an UE specific manner. 

In order to achieve high spectral efficiencies with 256QAM, it is required that the set of supported transport block sizes, and hence the number of rows in the TBS table, is extended. The use of 256QAM as modulation scheme would not be so beneficial if larger transport block sizes cannot be used. Proper extensions or reuse strategies for the current TBS table have to be discussed. The important question is here, how many and which code rates should be supported for 256QAM. This determines at the end also the SINR range that is covered by the MCS table.

Proposal 5: 
RAN1 should discuss how the TBS table can be extended or adapted in order to support increased spectral efficiencies that can be achieved with 256QAM.
3.2 CQI Reporting

In the same way how the MCS table should cover the SINR range typically experienced by an UE, the CQI table should cover the corresponding SINR range. If the CQI reporting does not provide sufficient accuracy in terms of granularity, the modulation and coding schemes covered by the MCS table cannot be used efficiently. 

As discussed for the MCS indication, there are basically two corresponding options for the CQI reporting as well. The CQI table could be extended in order to increase the covered SINR range, or the current code point interpretation could be modified in order to cover a different shifted SINR range that corresponds to the SINR range of the MCS table.
With the first approach, the CQI payload would have to be increased from 4 to 5 bits, which would reduce the robustness of the corresponding uplink control message. And in many cases, some entries (e.g. related to low modulation orders) might not be required since the corresponding SINR level might most like not be experienced by certain UEs with very good channel conditions.
Proposal 6: 
RAN1 should discuss how the CQI reporting can be efficiently adapted in order to support 256QAM for downlink transmissions. 

4 Conclusion
In this contribution, we discussed different requirements for the use of 256QAM for PDSCH transmissions. We furthermore described required adaptation regarding the control signaling related to the PDSCH transmissions. Based on the discussion we propose the following: 

Proposal 1:
RAN1 should evaluate and discuss how DM-RS reductions affect the 256QAM performance.

Proposal 2:
RAN1 should discuss whether it is required to support 256QAM for transmissions on up to eight spatial layers per UE or only for transmissions with a limited number of spatial layers. 
Proposal 3:
RAN1 should discuss whether it is required to support 256QAM for all transmission modes.

Proposal 4: 
RAN1 should discuss whether an MCS field extension is required for 256QAM or whether code points of the current MCS field can be reused in an UE specific manner. 

Proposal 5: 
RAN1 should discuss how the TBS table can be extended or adapted in order to support increased spectral efficiencies that can be achieved with 256QAM.

Proposal 6: 
RAN1 should discuss how the CQI reporting can be efficiently adapted in order to support 256QAM for downlink transmissions. 
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