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1 Background on UL 64QAM Support
In Rel-8, UE Categories 1-4 do not support 64QAM on the uplink while Category 5 UE supports 64QAM uplink. For the new Rel-10 UE categories, UE categories 6/7 have no support for 64QAM on the uplink and Cat 8 has support (see TS36.306). A UE signals whether it is Rel-8, Rel-9 or Rel-10 through the AccessStratumRelease field in the UE-EUTRA-Capability IE. Category 1-5 UEs use “ue-Category” IE to signal their category. On the other hand, Cat 6-8 UEs use two IEs for signaling.
· “ue-Category” IE to signal a Rel-8/9 category 

· “ue-Category-v10xy” IE to signal a Rel-10 category.

Thus, there is an ambiguity or potential inconsistency regarding uplink 64QAM support for the case of a Rel-10 Cat 6 (or Cat 7) UE signaling a Rel-8 (or Rel-9) Cat 5:  

· “ue-Category-v10xy” IE => Cat 6/7 => No support of 64QAM in UL per TS36.306
· “ue-Category” IE => Cat 5 => Supports 64QAM in UL per TS36.306
RAN4 discussed a draft LS in Taipei (RAN4#58) on Release-10 UE categories and capabilities [1]. One proposal under discussion in [1] to resolve the ambiguity w.r.t 64QAM uplink support was the following: 

· When a UE signals Rel-8 Category 5, it is expected to support 64QAM on UL regardless of its Rel-10 Category.
At least two potential issues are foreseen with the above proposal. 
1. A Rel-10 Cat 7 UE (i.e. supporting UL MIMO) signaling Rel-8 Cat 5 must support 64QAM and MIMO simultaneously on the uplink. Supporting both UL MIMO and 64QAM is challenging and such a combination is not consistent with current definition of Cat 7 UE (per TS36.306).
2. A Cat 6 UE (signaling a Rel-8 Cat 5) is limited to a peak UL data rate of 51.024 Mbps unnecessarily (Cat 6 data rate) with the current category definitions even though it is capable of supporting 75.376 Mbps (Cat 5 data rate). Thus, if support of 64QAM uplink for Cat 6 is to be added, then the category definitions (i.e. UL data rates, etc) in TS 36.306 may need to be changed as well and there is a possibility that it would trigger a series of discussions in RAN1/RAN2/RAN4.
Currently, there is no inter-operability test (IOT) support for 64QAM in Rel-8/9 and it is unclear if Rel-10 will have it either. Notwithstanding this, a disambiguation of whether or not the UE supports UL 64QAM is necessary for consistent UL modulation order determination based on a DCI grant (see TS 36.213 Section 8.6.1 for details). In this contribution, we discuss a few options that can resolve the ambiguity regarding 64QAM support. Some of these options were discussed in offline RAN4 discussions during RAN4#58. 
2 Potential Solutions 
Several options are discussed below.
Option 1: Support UE category signaling (in Rel-10) that is consistent in support of 64QAM uplink across releases if the UE signals both a Rel-8/9 category and a Rel-10 category. 

In this option, a Rel-10 Cat 6/7 UE can only signal Rel-8 Cat 1-4 and Rel-10 Cat 8 UE can only signal Rel-8 Cat 5 and a Rel-10 Cat 8 UE can only signal Rel-8 Cat 5.
Option 2: When a UE signals Rel-8 Category 5, it is not expected to support UL-MIMO with 64QAM regardless of the Rel-10 Category.

In this option, UL-MIMO + 64QAM is not supported in Rel-10. UL-MIMO + 64QAM can be enabled in Rel-11 if needed. Thus, the support of 64QAM on the uplink is applied to PUSCH transmissions configured via DCI Format 0 only. While feasible, this may affect Cat 8 UE definition as uplink peak data rates defined in the UE category may be contingent upon the support of 64QAM. 
Option 3: The UE signals support of uplink 64QAM for single antenna and multi-antenna (i.e. UL-MIMO) transmissions separately and conversely the eNB can separately enable UL 64QAM for single and multi-antenna transmissions.

The UE capability may consists of a first field that indicates the support of 64QAM applied to PUSCH transmissions configured via DCI Format 0. A second field indicates the support of 64QAM applied to PUSCH transmissions configured via DCI Format 4 (UL-MIMO). This support can be indicated on a per-band basis if necessary. Alternatively, it is possible to define three states  in UE capability signaling - 1) No support of 64QAM on the uplink,  2) Support of 64QAM on the uplink for DCI format 0 only, 3) Support 64QAM on the uplink for DCI Format 0 and DCI Format 4

Based on the UE’s capability signaling, the eNB can enable 64QAM uplink separately for single and multi-antenna transmissions as follows.  

A first field in the eNB to UE RRC signaling can indicate the enabling of 64QAM applied to PUSCH transmissions configured via DCI Format 0 (enable64QAMforDCIFormat0). A second field indicates the support of 64QAM applied to PUSCH transmissions configured via DCI Format 4 (enable64QAMforDCIFormat4). Alternatively, it is possible to define three states  in the RRC signaling - 1) Disable 64QAM on the uplink, 2) Enable 64QAM on the uplink for DCI format 0 only , 3) Enable 64QAM on the uplink for DCI Format 0 and DCI Format 4.
With this option, the following example changes (in red) to 36.213 Section 8.6.1 seem necessary:
For
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, the modulation order (
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) is determined as follows:
−     If the UE is capable of supporting 64QAM in PUSCH for DCI format 0 and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order for PUSCH for DCI format 0 is given by 
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in Table 8.6.1-1, otherwise
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 for DCI format 0.
−     If the UE is capable of supporting 64QAM in PUSCH for DCI format 4 and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order for DCI format 4 is given by 
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 for DCI format 4.
−     If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, 
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is first read from Table 8.6.1-1. The modulation order is set to 
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3 Conclusion
Option 1 is the simplest (i.e., support Rel-10 UE category signaling that leads to consistent support of 64QAM uplink across releases) but, it may or may not be sufficient for all cases. It is not clear if IOT support for UL 64QAM would be possible in Rel-10 timeframe. If such support were to be available, then the working group must discuss whether or not there is a need for a Rel-10 Cat 6/7 UE to signal Rel-8 Cat 5. If such category combinations are deemed realistic, then it appears that there is a need for separate capability signaling for UL-MIMO + 64QAM support along the lines of Option 3. It is proposed that RAN4 discuss these aspects further and send an LS response to RAN1 and RAN2 capturing the current understanding (an example LS assuming Option 1 is acceptable to RAN4 is provided in Appendix A).
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1. Overall Description:

RAN4 would like to provide information in response to the RAN1 LS in R1-105095 titled “LS on Rel-10 UE category”. 

RAN4 discussed several aspects relating to Rel-10 UE categories and RAN4 has reached the following agreements:
1. The support of number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic. Optional signaling of increased number of spatial multiplexing layers support in band specific manner is added. RAN4 would further discuss what would be the acceptable way forward to signal the number of supported spatial multiplexing layers. 
2. A Rel-10 UE must signal category combinations that lead to consistent support of uplink 64QAM. For example, a Rel-10 Cat 6/7 UE can only signal Rel-8 Cat 1-4 and a Rel-10 Cat 8 UE can only signal Rel-8 Cat 5.
2. Actions:
To RAN1 and RAN2:

RAN4 kindly requests RAN1 and RAN2 to take the RAN4 agreements above into account in the subsequent discussion on UE category / capability in each WG.

3. Date of Next RAN WG4 Meetings:

RAN WG4 Meeting #59
              May 9 - 13, 2011, Barcelona, Spain
RAN WG4 Meeting #59_AH
              Jun 27- Jul 1, Bucharest, RO.
4. References:
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