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Discussion
1
Introduction
In RAN4#53 we introduced a paper [1] presenting considerations on UE capability on HSDPA MIMO and frequency bands. In summary the paper noted that the UE capability to indicate MIMO support was introduced in release 7 in the physical channel capability IE, where it indicates the supported physical layer category is in the range 15-20, as defined in TS25.306. On the other hand, the indication of frequency bands is is done by using the “Frequency Band” and “Frequency Band 2” IEs included in UE radio access capability extension IE.
As the UE physical layer category is a constant definition indicating the UE capability independently of the different bands supported by the UE, the current signalling mandates that if the UE supports MIMO, it does it for all the Frequency Bands that it supports. In other words, there is no way that a UE can inform the network that it cannot be configured for MIMO operation on certain bands.
This can be seen as reasonable from a baseband processing point of view, but as noted in our previous contribution it has significant impact on the antenna and RF requirements of the UE. When MIMO support is introduced this implies that the UE antenna and RF configurations needs to support MIMO in all bands of the UE. There is also a need to perform MIMO testing of all implemented bands to achieve GCF/PTCRB certification. While all of this is technically feasible, there are clear implications to UE hardware and certification cost, form factor and development effort. Since the commercial success of MIMO deployments depends on good availability of a range of devices supporting MIMO which are attractive to consumers, these aspects should be carefully considered.
On the other hand, in the discussions during RAN4#53, it was correctly noted that MIMO deployment represents a very considerable financial investment by operators and as such, they would clearly wish to ensure that as many UEs as possible on their networks, including incoming roaming UEs from other geographic regions can be configured for MIMO operation. Giving complete freedom to UE manufacturers to decide on which bands MIMO shall be supported may limit this, although it should be noted that UE manufacturers also have an interest in making sure that their devices are competitive and support the maximum possible throughput their baseband can support also when roaming,. In practice, therefore operator and UE manufacturer interests may end up reasonably aligned on which bands they would be interested in MIMO operation on,  for in a multiband global roaming device.
The purpose of this contribution is to propose a way forward which at the same time allows some flexibility in UE implementation to facilitate low cost and attractive form factor MIMO capable devices, while at the same time attempts to addresses the operator concerns expressed that the MIMO capable UE population should not be artificially limited.

2 Discussion
Considering that the discussion is in the end about the commercial interests of both operators and UE manufacturers, our view is that a compromise solution should be reached which can address as many concerns as possible. Since we believe that there is an issue to solve here, it seems highly preferable that such a solution should be agreed in 3GPP. The alternative might be that due to commercial pressures some UE manufacturers choose to drop proper support of MIMO on certain bands, for example bands on which there no operator MIMO deployments expected in the short term. With current signalling, this would create a legacy issue if any operator changed their deployment plans and introduced MIMO, as the network would have no way to know that the UE was not truly implementing MIMO on that band.
As discussed in the introduction we think that the 3GPP specifications today set a requirement to implement MIMO consistently across all bands, so in that sense such a move could be regarded no differently from any other non-compliance with 3GPP specifications. One question which could be asked is whether this would be discovered in GCF or PTCRB certification. We believe that if a UE indicates support for a MIMO category then the MIMO demodulation and CQI reporting requirements in TS25.101 would be applicable to all bands that it had implemented. Clearly, if the RF was not able to support MIMO operation (eg reduced cost RF) then it would be expected to fail some performance related tests and would not achieve certification. One grey area comes when considering the 2RX/MIMO antenna support. While RAN4 is currently working on MIMO over the air performance requirements, we note that this work is still some way from completion. So the situation today appears to be that a release 7 MIMO could probably be certified based on conducted tests even if was not designed with antennas which were truly capable of supporting good MIMO operation on all bands. While it is anticipated that this hole in certification can be plugged in the future, we should also be willing to acknowledge its existence at present.
Considering that there is potential UE cost and form factor benefit to be obtained, it would seem to be much better if the capability to configure MIMO could be signalled on some kind of per band basis as we proposed in [1]. The exact details of the signalling can naturally be left for RAN2 to decide.
Areas in which we think RAN4 discussion would be valuable include

· Applicability of performance requirements on all bands which the UE indicates that it supports. 

In this area, we think that the situation is fairly clear. The UE must meet all performance core requirements on all bands that it supports. MIMO performance requirements are no different in this respect to any other applicable performance requirement, and the current situation is that as the UE cannot indicate MIMO support on a per band basis, the MIMO performance would need to be tested on every band within the UE capabilities. As there are not yet over the air MIMO tests, today this currently means conducted requirements, although we can anticipate that in the future there will be over the air requirements also. The support of MIMO certification on all bands would imply clear costs in R&D, certification testing, RF components and potentially in antenna subsystems
· Performance of MIMO in small form factor UE

On this topic, we think that on very small form factor UE, it is inevitable that antenna correlation will limit the performance of MIMO, especially on low frequency bands. In cases where the form factor dictates that the gains are very small we would consider it important that at the UE designer’s discretion the UE has the option to indicate to UTRAN that MIMO is not supported at all.. RAN4#53 there was a comment made that this could be a similar discussion as the proposal [2] for E-UTRA for 1RX categories below 1GHz and that we could think of separating and grouping bands below and above 1GHz. While this may go some way to address the issue of MIMO performance in small form factor UE, we nevertheless feel that the situation is a bit different between UTRA and E-UTRA, especially as networks can be expected to be planned to support legacy 1RX UEs. , and more of a band-by-band analysis would be needed. For example, we expect that there may well be bands above 1GHz where there are no MIMO deployments foreseen in the medium term. If such cases exist, at very least it would seem desirable that the UE manufacturer avoids the MIMO certification costs, as well as exploiting any other cost savings that can be identified.
In addition, if a UE indicates support for MIMO without having a good level of performance, and the network configures it for MIMO operation, this may be wasteful in terms of reserved NW processing resources as the UE is operating in single stream fallback to a greater exetent than would be expected.
· Consideration on frequency bands on which MIMO support is most important

Based on feedback in RAN4#54, it is clear that there is a need to address operator concerns ensuring that if they deploy MIMO networks, they maximise the population of UE (including roaming UE) that can benefit. To address operator concerns, it would seem beneficial to have a discussion in RAN4 about limiting the flexibility of this approach. For example, in RAN4#53 most operators indicated that they were particularly concerned about band I, and we have  addressed this with a restriction in our RAN2 CRs that MIMO physical layer category UE that support band 1 shall always support MIMO on band 1. If additional restrictions are seen necessary, those could also be considered. However, to ensure that the benefits of the approach are not lost it is also important that there are not too many restrictions and constraints. In this context, it should be kept in mind that the rules restricting the flexibility could still be modified in future releases. Additionally, as already  mentioned in the introduction there is also an incentive for UE manufacturers to ensure that their MIMO UE are competitive, and that full benefit is leveraged from the MIMO capable baseband.
· Discussion on the legacy issues that could arise if this proposal is not adopted

If the proposal is not adopted, we see a strong possibility that there will be MIMO UE implementations which at the very least have not been IOT tested with MIMO active on all the bands in their capability. Since this inevitably raises a question mark over their actual MIMO performance in the field on certain bands, we believe this creates a risk for an operator that may decide to deploy MIMO in the future on that band. This arises since there would be no way in the signalling to differentiate between UE that truly offered a good MIMO performance on the newly deployed band, and those which were introduced to the market before IOT and full performance verification had been a possibility. Based on this discussion, we think that it is highly beneficial if the UE can indicate that it does not support MIMO on bands where there have not been IOT possibilities.
3
Conclusions
We propose the following approach.
Proposal 1 : RAN4 discusses the technical aspects in section 2, and concludes on the performance related aspects of the proposal. Our view is that there are clear technical benefits of creating the flexibility to indicate support for MIMO on a per band basis in addition to the cost benefits. Cost benefits can equally well be discussed in RAN2, but important areas for RAN4 discussion and agreement are
· Applicability of performance requirements on all bands which the UE indicates that it supports. 

· Performance of MIMO in small form factor UE

· Consideration on frequency bands on which MIMO support is most important

· Discussion on the legacy issues that could arise if this proposal is not adopted
Proposal 2 : Agree an LS on the technical aspects of the proposal, and provide the information to RAN2 to assist with their considerations of the CRs
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