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1
Introduction

During the previous RAN4#75 meeting it has been agreed that RAN1 and RAN2 WGs should discuss how to introduce the specification changes needed to support rank 3 and rank 4 for TM3 and TM4, considering UE categories 6 and higher [1]. However, the work in the RAN1 and RAN2 groups depends on the plenary decision on the release which is going to support such change. 

In this contribution we present the background of this problem and provide the necessary information such that the plenary is deciding with no delay how to proceed on this issue.
2
Background
During the ongoing release 13, RAN WG4 is introducing performance requirements for the utilization of 4 Rx AP at the UE, one important use case being the PDSCH performance [5]. Throughout the RAN4 discussions, it has been noted the fact that there is not so broad UE category specification support [5]

 REF _Ref421114268 \r \h 
[6] for high rank TM3/4 operation as such rank 3/4 operation is currently supported only by UE categories 5, 8 and 14 which are not widely used in practice. In particular, there are some artificial restrictions in the specification preventing the high rank operation for other UE categories in TM3/4 but allowing the same operation in TM9/10. Importantly, many companies such as chipset vendors, network vendors and operators, have an interest [2] in the introduction of high rank TM3/4 operation, as well as in performing the necessary specification adjustments to enable more UE categories with such operation, such as UE category 6 and beyond.
3
Discussion
3.1 


Utilization and performance of TM3/4
TM3 and TM4 specification support has been introduced since the very beginning of Release 8 LTE. The practical utilization of rank 3 and rank 4 has not been possible so far because of the lack of UE performance requirements in the case of 4 Rx antenna ports at the UE, requirements which are specified by RAN4 WG during the current release 13. On the other hand, TM3 and TM4 have been widely deployed in LTE as supporting rank 1 and rank 2 in a versatile amount of scenarios. While for example TM4 is enabling increased spectral efficiency in 4Tx deployments, TM3 has the ability to enable increased spectral efficiency in high UE mobility scenarios for both 2Tx and 4Tx eNB antenna configurations.
Observation:

· TM3 and TM4 are widely used in current LTE deployments.

High rank operation is possible on both CRS (TM 3/4) and DMRS (TM 9/10) which have their own technical merits. While channel estimation for demodulation and feedback is robust for CRS modes, DMRS operation scales better for higher than 4 layer operation (as one reason for DMRS introduction has been targeting high LTE-A peak rate performance in 8x8 configurations). Therefore, we think the scope should not be to compare CRS and DMRS modes against each other but rather to highlight that these modes complement each other. In several scenarios [3]

 REF _Ref421116801 \r \h 
[4], it has been shown that the performance of TM3/4 with 4 layers is superior when compared to TM9 with 4 layers.
Observation:

· CRS high rank TMs provide increased performance in several scenarios (see [3]

 REF _Ref421116801 \r \h 
[4]).

In our understanding, the specification restrictions on higher rank operation for UEs in TM3/4 are mainly artificial. It requires little additional effort to enable the higher rank operation in TM3/4 by reusing the scheme designed for high rank operation in TM9/10. For example, in TS 36.212, RI bit-width is determined by UE category when the UE is configured in TM3/4 while by supportedMIMO-CapabilityDL when the UE is configured in TM9/10. One straight forward solution is introducing a new capability for TM3/4 4-layer operation, while allowing UE to indicate support of 4 MIMO layers similar to TM9/10: 

1) For a band combination, UE would indicate the number of supported MIMO layers (just as now).

2) The UE would indicate with a separate capability bit whether it supports 4-layer MIMO TM3/4. In case it does, the number of supported MIMO layers in 1) applies for TM3/4 and TM9/10 (if supported).
3) Network signalling is introduced to set the RI bit-width for a UE supporting 4-layer MIMO with TM3/4. By default, the RI bit width is 1 (to support the legacy UEs), but the network may configure UEs to support 2-bit RI. 

4) When UE is configured with 4 layers in TM3/4, adjust the soft buffer size assumption to the value when UE is configured with 4 layers in TM9/10.
The above signalling would ensure that legacy UEs would not be impacted and the network would be able to differentiate the legacy UEs and UE supporting 4-layer MIMO with TM3/4. This is also very similar to what was done with PCell interruptions (see [8]

 REF _Ref421528094 \r \h 
[9]

 REF _Ref421528096 \r \h 
[10]

 REF _Ref421528097 \r \h 
[11]

 REF _Ref421528098 \r \h 
[12]).
Observation:

· Specification restriction for higher rank TM3/4 can be solved by introducing UE capability signalling for support of TM3/4 with 4-layers and network signalling for RI bit width to be used by the UE. 
3.2 


Release impact, UE categories and 3GPP ecosystem

Scenarios for 4-layer operation: The four layer operation happens in scenarios where the eNB is utilizing four or more transmit antennas and the UE has at least 4 receive antennas. A 4 Tx eNB may happen as an initial deployment or as a site upgrade from two to four antennas, by adding, for example, one more antenna column of two crosspoles. Indeed, as the widely deployed 2Tx sites would eventually upgrade the number of transmit antennas, it is important to carefully consider the deployment options the LTE system has at hand and give the operator the freedom to select which is the most effective way of enhancing the network. More specifically, an eNB equipped with 4Tx may operate e.g. on 4CRS ports with CRS based TMs, with a mix of CRS ports (2 or 4) and DMRS ports, or with only DMRS-based operation (yet legacy CRS needs to exist in some form for control channel support). The operator should have the freedom to consider the appropriate option to suit the particular deployment. In addition to these configurations lies the fact that the network needs to support a wide amount of UE releases, these aspects are discussed next.
Suitable 3GPP release and UE categories for 4-layer support of TM3/4: In Rel-8/9, only UE category 5 supports 4-layer operation for all TMs. Other UE categories supporting 4 or more layers were enabled from Release 10 onwards, but the specification support for 4 layers CRS based TMs is not possible for practical UE categories like CAT 6, 7 and higher due to artificial restrictions in specifications. However, the UE capability signalling already allows UE to indicate support of 4-layers for a supported band combination, so the matter is a question of interpretation of the signalling.
To allow 4-layer operation support of high rank CRS-based TMs is, the earliest possible 3GPP release would be Release 10, in which case the UE category support would be from Cat 6 onwards. As per the RAN4 LS [1], the decision on the release and UE category should be done in RAN - the options for the Release and UE categories that would support such high rank TM3/4 operation are:

· Option 1: Release 10 onwards and UE categories 6, 7 and higher

· Option 2: Release 11 onwards and UE categories 9, 10, 11, 12 and higher

· Option 3: Release 12 onwards and UE DL categories 13, 14, 15, 16
3GPP ecosystem: While all the above options are in the scope of this discussion, several important facts should be considered further. The 4Rx UE functionality, which otherwise may be an optional feature, is release-independent although requirements are developed in Release 13. This means that even if the 4Rx functionality is discussed during Release 13, it may be implemented also in earlier releases, such as Rel.10 with impact the legacy UE’s operation. To support such an early implementation, UE capability signalling indicating support of TM3/4 with 4-layers would needed to allow network to interpret which (legacy) UEs have implemented the feature. This would be similar to what was done e.g. with PCell interruptions, which were introduced from Rel-11 onwards during Rel-12 standardization (see e.g. [8]).
The main point to be decided by the plenary would be to consider if options 1 or 2 above are agreeable ways to proceed further. If not, only then should RAN consider option 3 as an alternative outcome. From the LTE ecosystem perspective it is important to allow operators to enable features in as flexible way as possible while avoiding market fragmentation, which helps rolling out features in a competitive way. For example, option 3, while being the most accessible, also introduces the most delay in the real deployment of the feature as the target UE categories are supposed to be available at a later time. Restricting the functionality to only high-end, late-in-the-market UE categories (e.g CAT 13, 15, 16) limits the applicability and benefits of 4-layer MIMO. It should be remembered that a Rel-13 UE can also be a CAT6 UE, hence ensuring a more homogeneous impact of the feature throughout the LTE system would be beneficial. Bringing the feature faster to the market means striving for as early release impact as possible, so in this case Release 10 is our suggestion for the feature.
Proposal:

· Consider to support high rank (3/4) operation for TM3/4 in Release 10 and UE categories 6, 7 and higher.
It is critical to achieve wide industry support for such a change, bringing confidence to both network and UE implementations and providing operator the flexibility in their LTE rollout, meeting timely the market expectations which otherwise has more and more strict demands from the LTE services. 
4
Conclusion
In this contribution we have been presenting the background and technical justification on the release and UE category recommendation on the rank 3/4 in TM3/4. We have observed that it is possible to introduce signalling that allows also legacy operation:

Observation:

· Specification restriction for higher rank TM3/4 can be solved by introducing UE capability signalling for support of TM3/4 with 4-layers and network signalling for RI bit width to be used by the UE. 

While several options are at hand, our recommendation for the discussion is the following:
Proposal:

· Consider to support high rank (3/4) operation for TM3/4 in Release 10 and UE categories 6, 7 and higher.
In the Annex of this contribution we are providing also the draft LS reply to the involved RAN WG. It is crucial that such decision is taken in this plenary to allow timely specification changes as well as facilitate product implementation for both the network and UE.
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1. Overall Description:

RAN plenary has been discussing the issue of release number for which the necessary specification changes should be provided such that rank 3 and rank 4 used by TM3 and TM4 are applicable to a wide amount of UE categories. 

RAN plenary decided that Release 10 supporting UE categories 6, 7 and higher should be consider in further specification work.

2. Actions:
To TSG RAN WG1 
· RAN kindly asks RAN1 to take the above decision into account in the specification work
To TSG RAN WG2
· RAN kindly asks RAN2 to take the above decision into account in the specification work
To TSG RAN WG4

· RAN kindly asks RAN4 to take the above decision into account in the specification work
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