3GPP TSG RAN WG1 Meeting #77
R1-142327
Seoul, Korea, 19th – 23rd May, 2014
Agenda Item:
6.2
Source:
Huawei, HiSilicon
Title:
Discussion on Rel-12 UE capabilities
Document for:
Discussion and decision 
1 Introduction

The process of Rel-12 UE capability discussion was agreed during RAN#63 meeting based on the proposals in [1]. In RAN1 #76bis meeting, the initial Rel-12 UE feature group list was agreed in [2]. The following was noted in the agreed LS sent to RAN2 [3]:
· Regarding feature groups 7-2 and 7-3 for eIMTA, RAN1 couldn’t reach the consensus on whether these two features should be combined or not and continues discussion. 
· RAN1 couldn't reach the consensus on whether 2-1 and 2-2 should be set together or separately for TDD-FDD CA. 
· RAN1 needs further study for some feature groups such as D2D, small cell enhancement, low cost MTC, eIMTA, and NAICS.
In this contribution, the suggested update of the feature group list and the recommendation of UE capabilities are provided.

2 Clarification on UE capability discussion in RAN1

In the agreed proposals in [1], it was stated:

For each feature, WGs identify whether the network needs to know the UE support. For the features which the network needs to know the UE support, WGs develop the UE capability signalling. The need of FDD/TDD differentiation is determined feature by feature. RAN1 needs to communicate to RAN2 timely any foreseen impact on RAN2 defined signalling.
As in the earlier releases, optional features need capability signalling. For a mandatory feature, whether IoT signalling is required needs also to be decided. So the following three options below can be used for the recommendation on UE capability for each feature, to facilitate RAN2 developing the signaling:

· Mandatory 

· Mandatory with IoT signaling
· Optional with capability signaling
Some features are associated with prerequisite feature groups, and it needs to be decided whether additional UE capability/IoT signalling is needed.
The need of FDD/TDD differentiation for individual Rel-12 capabilities is also to be decided.
3 Proposal for UE capabilities of RAN1 responsible features
In the following, we provide our views on UE capabilities for the features RAN1 is responsible for.
Table 1. Proposal for UE capabilities of RAN1 features
	WI
	#
	Feature group
	Need of FDD/TDD differentiation
	Recommendation
	Comments

	1. DL MIMO enhancements
	1-1
	Rel-12 4Tx codebook
	No need
	mandatory?
	Combined support of 1-1 and 1-2 to enlarge the performance gain　

	
	1-2
	CSI feedback
	No need
	mandatory?
	

	
	1-3
	　
	　
	　
	　

	2. LTE TDD-FDD CA joint operation
	2-1
	TDD-FDD CA with FDD PCell
	No need
	No additional capability/IoT signaling
	UE capability indicated by band combinations, same as CA in Rel-10/11. 

	
	2-2
	TDD-FDD CA with TDD PCell
	No need
	No additional capability/IoT signaling
	

	
	2-3
	　
	　
	　
	　

	3. SCE Physical Layer
	3-1
	256QAM
	No need
	No additional capability/IoT signaling
	Some UE categories support the feature and some do not [4]

	
	3-2
	Small cell on/off and discovery signal/procedure
	No need
	FFS
	　

	
	3-3
	　
	　
	　
	　

	4. D2D
	4-1
	[FFS] D2D Broadcast communication
	Yes
	FFS
	　

	
	4-2
	[FFS] D2D discovery
	Yes
	FFS
	　

	
	4-3
	　
	　
	　
	　

	5. NW assisted IC for LTE
	5-1
	　
	FFS
	FFS
	　

	
	5-2
	　
	FFS
	FFS
	　

	
	5-3
	　
	　
	　
	　

	6. Low cost MTC UE for LTE
	6-1
	Low cost MTC
	No need
	Introduce UE category 0
	　

	
	6-2
	[FFS]Half duplex
	N.A. (FDD only feature)
	Optional with capability signaling
	Existing UE capability for half duplex can be reused

	
	6-3
	[FFS] Single receiver RF
	No need
	No additional capability/IoT signaling
	All the category 0 UEs are with single receiver RF

	7. eIMTA
	7-1
	UL-DL re-configuration via L1 signaling
	N.A. (TDD only feature)
	Mandatory with IoT signaling
	　

	
	7-2
	Subframe set dependent UL power control
	N.A. (TDD only feature)
	Mandatory with IoT signaling
	FFS on whether to split 7-2 and 7-3

	
	7-3
	Rel-12 Subframe set dependent CSI measurement / feedback
	N.A. (TDD only feature)
	FFS
	

	8. LTE coverage enhancements
	8-1
	eHARQ Pattern For TTI Bundling
	N.A. (FDD only feature)
	Mandatory with IoT signaling
	　

	
	8-2
	No Resource Restriction For TTI Bundling
	No 
	Mandatory
	　

	
	8-3
	　
	
	　
	　


3.1 Feature groups of DL MIMO enhancements
Sub-feature 1-2 (CSI feedback) provides about 10% cell average spectrum efficiency improvement compared to the CSI feedback mode 3-1 on PUSCH with the same codebook. Sub-feature 1-1 can bring about 5% performance gain compared to Rel-8 4Tx codebook with the same aperiodic feedback mode. The combination of 1-1 and 1-2 can give about 15% cell average spectrum efficiency gain compared to feedback mode 3-1 with Rel-8 codebook. It is proposed to combine 1-2 and 1-1 when deciding the UE capability, to enlarge the performance gain, i.e., it is recommended to support 1-2 and 1-1 simultaneously if it is supported by the UE. In Rel-8 support of the 4Tx codebook was mandatory, however whether to have the Rel-12 4Tx enhancements mandatory requires further discussion. 
3.2 Feature groups of LTE TDD-FDD CA joint operation 
UE capability to support CA is indicated by band combinations, as has been done for CA in Rel-10 and Rel-11. Similarly, no additional UE capability is needed for LTE TDD-FDD CA joint operation.

There was some intense discussion on whether 2-1 and 2-2 should be set together. We prefer to set them together. It was agreed in RAN1#76bis that TDD/FDD differentiation of 2-1 and 2-2 is not needed, as all the UEs supporting 2-1 and 2-2 should support operating in TDD single cell as well as operating in FDD single cell. On top of this agreement, we consider the complexity to implement 2-1 and to implement 2-2 are similar. 
3.3 Feature groups of SCE-physical layer
· 3-1, 256QAM
256QAM is an important and effective technique to improve the spectrum efficiency, especially for the indoor scenarios. 
It is proposed in [4] to support 256QAM in UE categories 3, 4, 6, 7, 9, 10 and in new UE category B. 
· For new UE category B, 256QAM needs to be mandatory to achieve the designed peak data rate.

· For UE categories 3, 4, 6, 7, 9 and 10, it is preferred to adopt 256QAM as mandatory features too, so that the system performance can be further improved.  
· 3-2,  Small cell on/off and discovery signal/procedure 
Small cell on/off is considered to be beneficial for interference coordination and avoidance in the dense small cell scenarios. Energy saving in the base stations can also be achieved by small cell on/off. Discovery signal/procedure is used at least to facilitate the transition time reduction of cell on/off. Fast and efficient discovery of small cells also provides benefits for inter-frequency measurement.
According to the discussion so far, all the candidate solutions for DRS design are based on existing signals, CRS and CSI-RS. CRS and CSI-RS are mandatory features for UEs with earlier releases. We consider the additional complexity for introducing DRS is acceptable and it is proposed to set it as mandatory for Rel-12 UEs. 
It is expected there would be additional conclusions for cell on/off. The overall recommendation of DRS and small cell on/off will be provided after more progress is made.
3.4 Feature groups of D2D
It is proposed to discuss D2D feature groups after more progress is achieved. Currently many aspects affecting the UE have not been decided. For instance, there was discussion in the email thread [76b-12] about whether to have an additional receiver in the UE for reception of the D2D signals in the UL band, and no decision has been made yet. 

It is proposed to split FDD/TDD UE capabilities for D2D.
D2D transmission for communication and discovery on UL resources poses no problem for FDD, but for TDD extra care has to be taken to prevent a D2D subframe to occur on a DL subframe. No mechanism has been defined yet to prevent such a case for TDD, but solutions will have to be specified to avoid having a D2D subframe that was on the UL be on the DL after a change in TDD configuration. For FDD, no such problem exists, thus implementing such a solution will not be necessary.

A second reason for FDD/TDD split is that for FDD, an extra receiver is needed at the UE side to support D2D. There is no such need for TDD.
3.5 Feature groups of NW assisted IC for LTE
It is proposed to discuss NAICS feature groups after more progress is achieved.
3.6 Feature groups of Low cost MTC UE for LTE 
· 6-2, Half duplex 

Similar to other category UEs, half duplex operation should also be supported by UE capability for Low cost MTC UEs. The existing capability signaling can be reused.

· 6-3, Single receiver RF 
Multiple techniques are specified for cost reduction, while most of the cost reduction is achieved by using single receiver RF. So it is proposed not to set additional capability/IoT signaling for single receive RF, i.e., all the Category 0 UEs designed for low cost MTC are with single receiver RF.
3.7 Feature groups of eIMTA
· 7-1, UL-DL re-configuration via L1 signaling 

UL-DL reconfiguration is the key for eIMTA mechanism. It is recommended to set 7-1 as mandatory with IoT signaling
· 7-2, Subframe set dependent UL power control
There was discussion on whether 7-2 and 7-3 should be set together. On one hand, there is still ongoing discussion on “reference resource definition for aperiodic CSI for TM 1 – 9” which may affect UE complexity. On the other hand, we consider that setting them together can reduce the number of IoT testing cases. So it is proposed to discuss on whether 7-2 and 7-3 should be split after the ongoing discussion is finished.
Considering the performance gain as well as UE complexity, we recommend that at least 7-2 can be mandatory with IoT signaling.
· 7-3 Rel-12 Subframe set dependent CSI measurement / feedback
As mentioned above, there is still ongoing discussion that would affect the UE complexity. So we propose to discuss the UE capability of 7-3 after the ongoing discussion is finished. 
3.8 Feature groups of LTE coverage enhancements 

Feature 8-1 and 8-2 are independent subfeatures and it is appropriate to consider them separately.
In earlier releases, TTI bundling was only supported with a resource allocation restriction of no larger than 3 PRBs. The meeting decision related to sub-feature 8-2 removes this restriction and made no resource restriction for TTI bundling mandatory. Considering the very small impact on UE implementation, we do not think there is a strong argument to introduce a capability for this subfeature for Rel-12 UEs. 
The enhanced HARQ pattern can provide around 1dB gain at least for semi-statically scheduled VoIP service. It is recommended to support this feature with IoT signaling.
4 Conclusions
The UE capabilities of features for which RAN1 is responsible are recommended in Table 1. It is proposed to take Table 1 into account for UE capability discussion.  
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