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Introduction
This document provides the summary and a proposal from email discussion for the following email subject happened after RAN#70.
[Post-RAN#70-05] Support of 256QAM for UE categories 6/7/9/10 - Intel

•        Goal is to discuss the issue raised in RP-152243 and possible ways to address it.

•        Output of the discussion should be a proposal for RAN#71 form change history:

2013-12-06 v1.14.1 modified §11 to read: <FamilyName>, <GivenName>, (If the person is new to 3GPP work, give full contact coordinates, in particular, email address.)
2013-10-03 v1.14.0 removal of embedded help text

v1.13.2: adds tdoc header

v1.13.1: minor changes resulting from discussions at CT#41 & SA#41

v1.13.0: mods to enforce linkage amongst stages 1, 2, 3

draft mods Scarrone-Meredith 2008-07 ff

v1.12.1: removes revision marks following approval at SP-29
v1.12.0: includes provision for Study Items (SP-29)

v1.11.0: includes those changes from v1.8.0 agreed at SP-25.


v1.10.0: full circle

v1.9.0: a clean sheet

v1.8.0: includes comments from SA#24 

v1.7.0: includes comments from RAN, CN and T #24; also includes “early implementation” data

v1.6.0: includes comments made during review period prior to TSGs#24

v1.5.0: includes comments made at TSGs#23 (Phoenix)

v1.4.0: offered to SA#23 for approval

v1.3.0: offered to CN#23, RAN#23 and T#23 for comments

DRAFT4 v1.3.0: 2004-03-09: Incorporation of comments from Leaders list

DRAFT3 v1.3.0: 2004-02-19: Incorporation of comments from MCC members

DRAFT2 v1.3.0: 2004-01-29: Complete redraft:

v1.2.0: 2002-07-04: "USIM" box changed to "UICC apps"

2003-05-28: spelling of “rapporteur” corrected

2002-07-04: "USIM" box changed to "UICC apps"

	From kick-off email, it was clarified that the starting point of the discussion is the proposal as in RP-152243. The proposals are from RP-152243:

· RAN to agree 256QAM support for UE categories 6, 7, 9 and 10, from Rel-12 (inclusive) and beyond as optional

· RAN to approve the related CR

RP-152243
Support of 256QAM for UE categories 6/7/9/10   Intel Corporation, Apple, AT&T, Bell Mobility, Bouygues Telecom, China Telecom, China Unicom, CMCC, Ericsson, Reliance – Jio, Rogers, Sprint, Swisscom, Telstra, T-Mobile USA, US Cellular, Verizon Wireless               discussion                                          Rel-12   LTE_SC_enh_L1-Core

The following Way forward was identified in kick-off email as well:

RP-152283          Way Forward on 256QAM Support for UE Categories 6, 7, 9 and 10              Intel Corporation, Apple, AT&T, Bell Mobility, Bouygues Telecom, China Telecom, China Unicom, CMCC, Ericsson, LG Electronics, Reliance – Jio, Rogers, Sprint, Swisscom, Telstra, T-Mobile USA, US Cellular, Verizon Wireless        Rel-12   LTE_SC_enh_L1-Core

The Way Forward claims the following main benefits of the proposals:

· Support of various CA BW combinations with maximal spectral efficiency/throughput possibly with low cost implementation

· Flexible support of different deployment scenarios




2
Summary of Email Discussion
As the summary of email discussion, the following aspects were discussed.

	Discussion topics
	Comments

	Comments on kick-off email
	Huawei also understands there was no agreement on the proposal (discussed and not agreed in the past both in RAN1 and RAN). Huawei also understands RAN Chairman assigned an email discussion [Post-RAN#70-05] to try to progress. Huawei thinks, rather than list all the options and problems that have been mentioned in RAN#70 and encourage some analysis and compromise, the email rapporteurs of the email discussion merely asks to agree on the controversial proposal. Therefore, Huawei thinks, having followed the discussion in this thread, the situation seems as stuck as in RAN#70 and the issues raised in the past have not been addressed.

Intel clarifies the email rapporteur followed the exact guidance by RAN chairman to kick off the email discussion. In kick-off email, as email rapporteur, Intel thinks he didn’t ask to agree anything. Intel further clarifies the following email was replied, after kick-off, to provide Intel’s opinion as a delegate from a company according to the very first email kick-off. Intel further points out that this email was kicked off on January 26 2016 and that Huawei’s comment was made after more than one month.
Qualcomm thinks the following contents explaining main benefits of the proposals highlighted in kick-off email should be removed:
The main benefits of the proposals were highlighted below:

· Support of various CA BW combinations with maximal spectral efficiency/throughput possibly with low cost implementation

· Flexible support of different deployment scenarios



	General comments
	Intel supports the proposal by highlighting the benefits of the proposals as described in Section 1 in the kick-off email.

AT&T continues to support this initiative. Since it provides benefits as summarized by kick-off email, while causing no harm, AT&T requests the group to allow this to go forward and be approved seedily.

Vodafone continues to support this proposal. In general Vodafone believes we should not unnecessarily restrict features to certain categories without good reason in the future.

Qualcomm posted that they do not see the need to adopt the proposal subject to this email discussion.
Huawei/HiSilicon thinks the proposal has limited usability and contradicts the current way of defining UE categories and RAN1 in the past already decided to address this use case by introducing the appropriate UE categories. Therefore, they are quite aligned with the Qualcomm’s comments.

	Past RAN1 discussions in Rel-12
	Qualcomm thinks that one might say that they would all increase flexibility and cause no harm by adding an arbitrary number of variations to existing UE categories. Qualcomm points out that the exact same discussion happened before and the decision was not to do this direction. Qualcomm says the decision was instead to adopt the proposal WF R1-143525.
Intel points out that the contents of WF R1-143525 are not the same as the proposal here. The WF proposes new UE categories supporting 256QAM by extending “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI” without changing Nsoft (“Total number of soft channel bits”). The proposal is neither increasing max TBS nor Nsoft while enabling 256QAM features for cat9/10 – i.e. the proposal is to enable 256QAM (as optional) for cat6/7/9/10 without increasing TBS and soft buffer.

Qualcomm replies that the proposals not being the same are actually the problem. In their view, there is no need to have different overlapping alternatives to achieve the same goal being to add 256QAM to Rel-10 categories.

Intel clarifies that they would like to have pointed out the cited WF does not address the concern being discussed here. Intel does not follow the explanation on Rel-10 categories stuff.

Qualcomm points out that Intel’s proposal was discussed in the past RAN1 and it was initially supported by Qualcomm. The proposal was not adopted and Qualcomm accepted and made plans accordingly. Qualcomm believes having multiple solutions would have been the least preferred by the group.

Intel responds that Intel would like to have clarified that RAN1 did not sufficiently discussed the possible consequences of using the agreed approach of supporting 256QAM. At least, Intel does not recall there is any contribution discussing the issues identified in RP-152243.



	Benefits of the proposal
	Qualcomm cites the contributions RP-151799 (Qualcomm) and RP-152185 (Samsung) and claims that the proposal in this email discussion provides little or no additional benefit over the existing UE categories. Qualcomm says there are already 390Mbps (Cat.13) and 600Mbps (Cat.11/12) supporting 256QAM and hence there is no need to add 300Mbps and 450Mbps options with 256QAM.
Qualcomm proposes a potential solution for the case of aggregated 40MHz BW that Cat.13 (390Mbps) would be able to support the fragmented BW case (e.g. 20MHz-10MHz-10MHz) given that 390Mbps Cat.13 can already support 2 CC CA as well as 3 CC CA or above.
Intel understands the contribution RP-151799 (Qualcomm) proposing that 256QAM to Rel-10 UE categories was already discussed and hence we do not need Cat.9/10+256QAM, but Intel does not find the concrete reason. The contribution also claims that it was already discussed in RAN1 and thus we don’t need to revisit it. However, Intel’s understanding is that it was not discussed sufficiently (even if it was discussed, it is deemed necessary to visit according to market demands). Intel also understands that the contribution RP-152185 (Samsung) also agreed the benefit of cost reduction with Cat.9/10+256Q
AM and Intel does not find a proposal that Cat.9/10+256QAM should not be agreed from RP-152185 (Samsung).
Intel does not disagree Cat.13 (supporting 256QAM) can support 390Mbps in such aggregated 40MHz BW scenario, but claims that it can address a very ‘specific’ scenario only (i.e. fragmented BW issue with aggregated 40MHz). Intel further clarifies in general as discussed in RP-152243 the benefit due to fragmented BW is not only for aggregated 40MHz but also for general combinations (including aggregated 45MHz BW). Intel points out that Qualcomm’s example cannot be a global solution (e.g. in handover) as UE has no idea on network release/capability and thus UE cannot know which category reporting is optimal, which might make a trouble in real market. The examples in RP-152243 shows a couple of examples on system inefficiency due to unknown reporting problem. Intel also points out that the soft buffer size of Cat.13 was not increased at all from Cat.6/7 (i.e. the soft buffer size of Cat.13 is the same as that of Cat.6/7) while max TBS was increased from 300Mbps to 390Mbps – hence it is questionable that selecting Cat.13 is quite convincing. Intel’s understanding is also that Cat.13 is not an efficient category based on Proposal 5 in Qualcomm’s contribution R1-142944.
Qualcomm thinks Cat.13 is what 3GPP asked everyone to implement. Qualcomm does not quite understand how reducing its peak data rate will make it any more efficient. Qualcomm also does not understand why nobody expressed the opinion of the issues of soft buffer size with Cat.13 in RAN #70. Qualcomm thinks Cat.9/10 based 256QAM should not be introduced for the reason of soft buffer size issue for Cat.13.

Intel clarifies that there were concerns by at least two companies during RAN #70 regarding soft buffer issues for Cat.13 based on meeting minutes for RAN #70. Intel tried to explain why Cat.13 based solution for 400Mbps is not sufficient and it is a restricted solution. Intel thinks Cat6/7+256QAM has nothing to do with soft buffer size and Cat.6/7+256QAM supporting up to 390Mbps cannot solve the case of aggregated 40MHz BW. Intel would like to have a better/general solution not to be limited to a specific scenario where Qualcomm is describing.


	Exception to handle the previous releases
	Intel points out an example to have introduced rank3/4 supports for TM3/4 from Rel-10 specification for all UE categories other than Cat.5/8 in RAN #68 (June, 2015). The issue was discussed in RAN1 and RAN4 before RAN discussion, but RAN decision was not in line with RAN1 and RAN4 conclusions. In spite of infrequent such event, Intel thinks it can happen depending on the market need.
Qualcomm thinks this is the kind of example that should be treated as exception, and not example to repeat. Qualcomm thinks implementing CRS based rank3/4 in a 4x4 capable UE is a software/firmware change, unlike the change in peak data rate targeted by Intel.
Intel thinks it is an example of such exception. Intel is not quite following why that is okay but not okay with their proposal. Intel does not see any difference between rank3/4 and cat9/10+256QAM. Intel thinks the argument of software/firmware change should be the same for a UE supporting 256QAM feature.

	Global solution
	Intel says due to an urgent market demand the proposal in RP-152243 is a kind request from 18 companies (including 14 operators and 4 vendors/suppliers) with minor spec change as optional feature starting from Rel-12. The co-sourcing companies would like to have a clear solution rather than such limited example for local situation only, which will not eventually operate globally well.
Qualcomm asks a concrete example.

Intel further clarified that Qualcomm’s Cat.13 based solution for aggregated 40MHz BW (providing 390Mbps) would have a handover issue when a UE performs handover from Scenario 1 and Scenario 2, based on RP-152243. 

The support of 256QAM would allow more flexible support of different deployment scenarios with a single UE category. For example, according to the current specification, if an UE has the baseband processing capability designed for 450Mbps and supports up to 3CCs + 2x2 MIMO + 256QAM, the UE will have to choose to report either UE Cat-9/10 (450Mbps) or UE DL Cat-13 (400Mbps) without knowing the network capabilities. 

Scenario 1: The deployment scenario based on Rel-12 is 2CCs + 2x2 MIMO + 256QAM (400Mbps), there are two cases:
· Case 1a: If UE reports UE Cat-9/10, the achievable data rate will be 300Mbps since the current Cat-9/10 cannot support 256QAM.

· Case 1b: If UE reports UE DL Cat-13, the achievable data rate will be 400Mbps according to the achievable data rate for DL Cat-13.

Scenario 2: The deployment scenario based on Rel-11 is 3CCs + 2x2 MIMO + 64QAM (450Mbps), there are two cases:

· Case 2a: If UE reports UE Cat-9/10, the achievable data rate will be 450Mbps.
· Case 2b: If UE reports UE DL Cat-13 (Rel-12), which will also indicate Cat-6/7 (Rel-10/11), the achievable data rate will be 300Mbps since the network does not support 256QAM. 

As shown in the example above, no matter UE reports Cat-9/10 or DL Cat-13, it will not be optimum to address different network deployment scenarios as UE does not know the network capabilities when reporting the UE category. If the support of 256QAM can be allowed for Cat-9/10, then the UE can always report Cat-9/10 and the achievable data rate can be maximized regardless of the network deployment scenario.
Qualcomm expresses their opinion if there is any handover problem between Scenario 1 to Scenario 2. Qualcomm believes that it is an invalid assumption that deployments cannot understand categories introduced in the Rel-12 timeframe but they can understand the new changes/categories proposed to be introduced in the Rel-13 timeframe.

Intel expresses their opinion that they cannot understand Qualcomm’s explanations that deployments cannot understand categories introduced in the Rel-12 time frame but they can understand the new changes/categories proposed to be introduced in the Rel-13 timeframe, given that the proposal is for Rel-12 and the Scenario 1 and 2, respectively, in the example scenario are based on Rel-12 and Rel-11.

	Deployment scenario
	Qualcomm ask the proponents what concrete deployment scenarios are creating the market demand to relax the peak data rate targeting only one or two UE categories (especially given that this particular case would overturn explicit earlier decisions).
Intel thinks there is no obligations for the proponents to disclose their confidential information to the request – rather Intel believes such market demand has been proved by inputs from many operators. Intel also mentions that some deployment scenarios can be found from FCC spectrum allocation (https://www.fcc.gov/). Intel also points out some more deployment scenarios by referring to their contribution RP-152243.

Qualcomm expressed their view that they would definitely consider any concrete deployment scenario if not sufficiently covered by existing categories. However, they are not aware of any such scenario; and to date, the proponents have not provided any examples.

Intel points out that they provides the several examples by not only FCC spectrum allocation but also several scenarios by referring Table 1 in RP-152243:

Table 1: Examples of comparison between w/o and w/ 256QAM according to CA BW combination

CA BW combination with 2x2 MIMO
w/o 256 QAM at UE
w/ 256 QAM at UE
Cat9/10 with aggregated spectrum bandwidth 45MHz:
{20,20,5}, {20,15,10}, {15,15,15}, {20,10,10,5}, {20,15,5,5}, {15,15,10,5}, …

~337Mbps

450Mbps

Cat9/10:
20MHz (64QAM) + 20MHz (256QAM) + 10MHz (256QAM)
375Mbps

450Mbps

Cat9/10:

20MHz (256QAM) + 10MHz (256QAM) + 10MHz (256QAM)

300Mbps

400Mbps

Cat6/7 with aggregated spectrum bandwidth 30MHz:

{20,10}, {15,15}, {10,10,10}, {15,10,5}, {15,5,5,5}

225Mbps

300Mbps

Qualcomm responds that the existing categories 11, 12, 13, which were added as 256QAM extension of the Rel-10 categories 6/7/9/10 *fully cover* all the cases mentioned.

Intel clarifies that the above deployment scenario (Table 1) shows various deployments scenario which can covered by the proposal (256QAM+Cat.6/7/9/10) with lower implementation cost than Qualcomm explained above. Intel further clarified again that Cat.11/12+256QAM in Rel-12 were extended from Cat.11/12+256QAM in Rel-11 (i.e. not from Rel-10 UE categories). Intel disagrees Qualcomm’s explanation that Cat.13 can fully cover all the cases since the soft buffer of Cat.13 was not increased from Cat.6/7.


	Potential compromise
	Qualcomm suggests a compromise proposal having Cat.6/7+256QAM.
Intel clarifies the proposal in RP-152243 is highly motivated by Cat.9/10+256QAM by the proponents and Cat.6/7+256QAM is good to have. Thus, Intel does not think Cat.6/7+256QAM while excluding Cat.9/10+256QAM is a compromise. Intel further suggests a compromise proposal of Cat.9/10+256QAM from Rel-12 as optional without increasing max data rate.
Intel thought Qualcomm provides another compromise proposal – 256QAM is applied for all existing Rel-12 UE categories as optional from Rel-12. Qualcomm clarifies that it was not their proposal.

	Final comments
	Qualcomm posts the following views:

· The Intel proposal is not about enhancing 256QAM. To the contrary, it reduces 256QAM performance to be no better than 64QAM.  

· The Intel proposal is against the earlier RAN1 decision made on this exact topic. RAN1 decided to have *higher* peak data rate for 256QAM compared to 64QAM for the pre-existing categories (6/7/9/10).  

· We would definitely consider any concrete deployment scenario if not sufficiently covered by existing categories. However, we are not aware of any such scenario; and to date, the proponents have not provided any examples. 

· We don’t believe there is any handover problem between Scenario 1 to Scenario 2. We believe that it is an invalid assumption that deployments cannot understand categories introduced in the Rel-12 timeframe but they can understand the new changes/categories proposed to be introduced in the Rel-13 timeframe. 

· The new proposal (not by us) mentioned below is to similarly reduce the peak data rate by 25% of all other existing categories. This doesn’t seem to make much sense. But the proponents are free to propose it.
Intel responds the following to Qualcomm’s comments:

· We have clarified the benefits of the proposal several times. There are various deployment scenarios that the current UE categories with up to 64QAM cannot sufficiently cover. 

· Having the feature does not necessarily mean that it is against the earlier RAN1 decision. We provided the example from Rel-11 UE Categories 11/12 without 256QAM to Rel-12 UE Categories 11/12 with 256QAM, without increasing the parameters, which is the similar example to our proposal (i.e. from existing Cat.6/7/9/10 without 256QAM to Cat.6/7/9/10 with 256QAM, without increasing the parameters). We also provide another example having introduced a new feature (rank3/4 for TM3/4) from Rel-10 in Release 12 phase.

· We disagree the proponents of the proposal have not provided the concrete deployment scenarios. We have already provided deployment scenarios that cannot be fully supported by one UE category in the current LTE, which can be also find in RP-152243.

· We have provided a clear example in which it is not good in UE handover between Scenario 1 and 2 (please see below again). Your Cat.13 based solution for aggregated 40MHz BW is optimized for deployment scenario 1 but not for both scenario 1 and 2.

· The compromise proposal to have 256QAM for all existing UE categories was your proposal from the previous email. If you like to revert your statement, I am fine.


3 Conclusions
In this contribution, the summary of email discussion “[Post-RAN#70-05] Support of 256QAM for UE categories 6/7/9/10” is provided. The discussions have been done in terms of general comments, past RAN1 decision in Rel-12, benefits of the proposal, exception to handle the previous releases, global solutions, deployment scenario and potential compromise. It is proposed:
Discuss further, including possible compromise proposals, and decide during RAN#71.  
 

 


