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1. Introduction
In RAN1 #76b in Shenzhen, an initial exercise on Rel-12 UE capabilities are agreed in [1] and [2].  It is also agreed that “Further updates are needed in RAN1 #77 meeting for FFS parts and eIMTA, Small cell enh., D2D, NAICS, and low cost MTC.” [3]. Therefore this contribution continues to discuss Rel-12 UE capabilities. We assume that the discussion would be similar to Rel-11, namely capabilities are either mandatory or optional (i.e., no FGI).
2. Detailed Discussions
2.1. DL MIMO enhancements
DL MIMO enhancement includes two aspects: 1) a new 4Tx codebook and 2) PUSCH 3-2. In our understanding those two aspects should have separate capabilities because they have different use cases:
1) 4Tx codebook is applicable to TM 8/9/10, and PUSCH 3-2 is applicable to 4/6/8/9/10;
2) 4 Tx codebook is applicable to 4 CSI-RS port system, and PUSCH 3-2 is applicable to 2/4/8 CSI-RS port system

Therefore, it seems reasonable to separate capability bits for 4 Tx codebook and PUSCH 3-2. It could be further studied if the two features are mandatory or optional. Moreover, there does not seem a particular need to differentiate TDD/FDD for DL MIMO enhancements feature group.

2.2. LTE TDD-FDD CA joint operation
Currently there are two capability bits for TDD-FDD CA, one for FDD PCell, and another for TDD PCell. It is FFS if these bits shall be set together or separately, and the decision will be made in RAN plenary. All existing CA features are optional because UE has to support relevant bands.  For TDD-FDD CA, the same rule applies, namely a UE need to at least support one TDD and one FDD band. Therefore, TDD-FDD CA would be an optional feature.

2.3. SCE Physical Layer
SCE physical layer includes two capabilities: 256 QAM and small cell onoff/discovery. Naturally they are separate capabilities due to different deployment scenarios.

For 256 QAM,first discussion point is the applicable UE categories for 256 QAM. From our perspective, it is beneficial to apply 256 QAM to UE categories as low as possible (such starting from category 3) to allow maximum performance benefit for indoor applications. On the other hand, apply 256 QAM to low UE categories would impact UE implementation timeline. The final decision shall be based on a careful discussion among operators and vendors. Further detailed discussion points may include 1) if the lowest UE category corresponds to 3 or 4 or 6; 2) if category 5 and 8 should be included; 3) if category 9/10 should be included. Those discussions can be carried out in SCE session.  
Another discussion topic for 256 QAM is how to combine 256 QAM with UE categories (mainly for commercial use of 256 QAM). There are several alternatives:

· Alt. 1: increase peak data rate and keep the same soft buffer size for existing UE categories when 256 QAM is applied. This would cause certain impact to UE implementation but ensure the optimal use of 256 QAM.

· Alt. 2: do not increase peak data rate for existing UE categories, which implies 256 QAM may be operated with reduced bandwidth;

· Alt. 3: define new UE categories based on the combination of 256 QAM and existing UE categories. This implies new UE categories purely for 256 QAM. If the number of applicable existing UE categories is large, potentially a large number of new categories need to be introduced.
In our understanding, all three alternatives allow a certain level of commercial use of 256 QAM. Alt. 1 allows maximum use of 256 QAM but with highest impact to UE implementation. Alt. 3 would cause least impact to UE implementation but also more difficult to use 256 QAM in future. Alt. 2 is between alt. 1 and alt. 3. Right now we slightly prefer alt. 1 as discussed in a companion paper [4], but further discussions would be helpful as well.
For the capability of small cell onoff/discovery, it is still a bit early to discuss details since ARN1 discussions are still ongoing. In general we see this is a feature with the ability to detection/measurement based on DRS and potential L1 procedures to reduce cell onoff transition time.
From our perspective, there is no particular need to distinguish TDD/FDD for SCE features.

2.4. D2D
At this stage it is a bit early to discuss details of D2D capabilities. Based on the current WID scope, it is reasonable to have two capabilities for broadcast communication and discovery respectively, and the final capability design would be based on final outcome of D2D WI. From a high level perspective, R12 D2D is dedicated to public safety and implies high complexity UE. Imposing D2D as mandatory could cause unnecessary complexity for non-public-safety UEs. On that sense, D2D features could be optional in Rel12.
2.5. NW assisted IC for LTE
For NAICS capability, the first discussion point is what abilities should be supported by NAICS. RAN 4 work on NAICS uses both PDSCH-IC and CRS-IC. Note that CRS-IC is already supported by FeICIC, so the discussion was mainly on PDSCH-IC. On the other hand, we see CRS-IC is also useful on top of PDSCH-IC. Moreover, in our understanding one important deployment scenario for NAICS is similar to FeICIC, in which other types of IC are also useful, such as PBCH-IC, which is also existing ability of FeICIC. Therefore we see NAICS capability may be a superset of FeICIC abilities, namely NAICS capability support PDSCH-IC, CRS-IC, PBCH-IC and other IC abilities supported by FeICIC.
Another discussion topic is what kind of interference can be suppressed by NAICS capability. Currently the bottleneck is for TM4 with 4 CRS ports, in which NAICS complexity would be too high because number of PMI candidate is large (32 in total). It seems unlikely that RAN4 can conclude the feasibility of NAICS with 4 CRS port interference. On that sense, NAICS capability may be to support up to 2 CRS port interference in R12. Another option is to separate NAICS capability to 2 CRS and 4 CRS port interference. Both options are acceptable to us but the second option may unnecessarily increase IoT effort in our understanding.
At this stage it is a bit early to say NAICS is optional or mandatory. There is no clear reason to distinguish TDD/FDD for NAICS.

2.6. Low cost MTC UE for LTE
Low cost MTC includes three capabilities according to the current capability spread sheet. 

The low cost capability (peak rate reduction) can be coupled with UE category 0.

The half-duplex capability may reuse existing HD capability but there is no strong view from our side.

The single Rx capability may be optional. It is not so clear about the benefit to let an eNB to know this capability. If there is no particular benefit, it is possible to not signal this capability.

There is no clear reason to distinguish TDD/FDD for category 0 and single Rx capability.

2.7.  eIMTA

eIMTA includes three capabilities according to the current capability spread sheet.
The UL-DL reconfiguration capability is the kernel part of eIMTA. It is possible to set this feature as mandatory for TDD UEs, but more discussions are still necessary, namely FFS between mandatory and optional.
It is still under discussion if it is possible to combine 1) subframe set dependent UL PC and 2) subframe set dependent CSI feedback. Up to now we are more inclined to have separate capabilities, but the final decision shall be based on more careful discussion on applicable scenarios for these two features among more companies.

2.8. LTE coverage enhancements
If could be FFS if eHARQ pattern and the removal of 3 PRB restrictions are optional or mandatory. There seems no particular reason to distinguish TDD/FDD for the second feature.
2.9. MBMS MDT
It could be FFS if this feature is mandatory or optional. No need of TDD/FDD differentiation.
3. Conclusion
Initial considerations on Rel-12 UEs discussed in this contribution. Proposals are summarized as follows. Changes with respect to spread sheet in RAN1 #77 are marked with gray background.
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Need of FDD/TDD

differentiation

CMCC's Note

1-1 Rel-12 4Tx codebook FFS no need

1-2 CSI feedback FFS no need

2-1 TDD-FDD CA with FDD PCell optional No need RAN1 couldn't reach the consensus on whether

2-1 and 2-2 should be set together or

separately.

2-2 TDD-FDD CA with TDD PCell optional No need RAN1 couldn't reach the consensus on whether

2-1 and 2-2 should be set together or

separately.

3-1 256QAM FFS no need study applicable UE category and if new UE

category is needed.

3-2 Small cell on/off and discovery

signal/procedure

FFS no need

4-1 [FFS] D2D Broadcast communication optional TBD RAN2 shouldn't yet specify UE

capabilitysignaling for this feature, since RAN1

is still discussing

4-2 [FFS] D2D discovery optional TBD RAN2 shouldn't yet specify UE

capabilitysignaling for this feature, since RAN1

is still discussing

5. NW

assisted IC

for LTE

5-1 PDSCH-IC and current FeICIC abilities FFS no need consider if necessary to separate capabilty for

2 CRS and 4 CRS port interferences

6-1 Low cost MTC optional No need Seperate capability signalling is not needed as

indicated capability is connected to UE

category 0



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

reused.

RAN2 shouldn't yet specify UE

capabilitysignaling for this feature, since RAN1

is still discussing.

6-3 [FFS] Single receiver RF Optional No need RAN2 shouldn't yet specify UE capability

signaling for this feature, since RAN1 is still

discussing (As a single receiver RF is the

minimum requirement, the potential signaling is

intended to indicate more than a single receiver

RF)

7-1 UL-DL re-configuration via L1 signaling FFS between mandatory or

optional for TDD UEs

N.A. (TDD only

feature)

7-2 Subframe set dependent UL power control FFS between mandatory or

optional for TDD UEs

N.A. (TDD only

feature)

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

7-3 Rel-12 Subframe set dependent CSI

measurement / feedback

FFS between mandatory or

optional for TDD UEs

N.A. (TDD only

feature)

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

8-1 eHARQ Pattern For TTI Bundling FFS N.A. (FDD only

feature)

8-2 No Resource Restriction For TTI Bundling FFS no need

9. MBMS

MDT

9-1 Enhanced measurements for MBMS FFS TBD One feature group is agreed from RAN1

perspective, but need for signaling is left to

RAN2

8. LTE

coverage

enhancement

s

7. eIMTA

6. Low cost

MTC UE for

LTE

1. DL MIMO

enhancement

s

4. D2D

2. LTE TDD-

FDD CA joint

operation

3. SCE

Physical

Layer
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