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Introduction
Agreement was reached on a number of areas of MIMO (FDD) for Rel-7 in the TSG RAN WG1 #46 meeting in Tallinn; see the agreed working assumptions in ‎[1]. Further discussions took place in a conference call on September 27th. The present document gives a summary of the issues discussed in the call and in documents distributed by email on the new 3GPP_TSG_RAN_WG1_WCDMA_MIMO@list.etsi.org.
1 Teleconference
1.1 Logistics
On September 27th, 2006, a teleconference on open issues related to the support of MIMO in Rel-7 was held. The participated companies are listed in Table 1 in the Annex. The call started at 3 pm Central European Summer Time and lasted for 3 hours. The following agenda was proposed and accepted:

1 Welcome & row call of participating companies/delegates

2    Discussion of open issues after RAN1 #46:

2.1  Additional UE category (Beside 28 Mbps peak rate)

2.2  Asymmetric / symmetric code allocation (impact on HS_SCCH signaling)

2.3  Single HS-SCCH with two possible formats or up to two HS-SCCHs with one format

2.4  Need to support DPCH (non F-DPCH) in MIMO mode

2.5  Coupling of use of transmit diversity on F-DCH (maybe also DPCH) when in MIMO-mode

2.6  What MCS cases need to be covered by reported CQI

2.7  Different reporting rates for PCI and CQI

2.8  Split of control information in the uplink on FBI-bits of DPCCH and HS-HSDPCCH 
     versus using only HS-DPCCH

2.9  ACK/NACK coding

2.10 Advanced Rx (SIC) capability flag

2.11 Support of 4 Tx antennas

3 Summary of agreed options and remaining open issues

4 AOB

5 Close of the call
Unfortunately the duration of the call did not allow covering all agenda items. A number of documents have been distributed on the email reflector (3GPP_TSG_RAN_WG1_WCDMA_MIMO@list.etsi.org) before the call started; see Table 2 in the Annex for a complete list. Agenda items 1 through 2.6 were covered. The discussions on remaining items were postponed to this meeting
1.2 Summary of discussions on agenda items 2.1 through 2.6

AI 2.1 Additional UE category (Beside 28 Mbps peak rate)

Tdoc R1-MIMOR7-QCOM-01 (Qualcomm)

This Tdoc suggests the introduction of a second MIMO capable UE category besides the already agreed one supporting 28 Mbps.

Motorola commented that they would like to understand why there is need for that. MIMO would aim at the increase of peak data rates and in that light an intermediate category does not seem to make sense.
Nokia replied that achieving 28 Mbps in real world scenarios might not happen very often and therefore a reduced UE complexity with more practical data rates is justified.
A number of companies commented on the need to also signal in Rel-5 and Rel-6 networks a UE category. It was questioned whether Rel-7 networks using MIMO should imply the non-MIMO UE category from the MIMO UE category. It was suggested by a number of speakers that since there is need to support the legacy signaling for the non-MIMO UE category, that this could also be used in Rel-7 networks.
Philips suggested that the decisions on this can be staggered: If there is no need for additional UE categories, then the non-MIMO UE category might be implicit in a Rel-7 network.
Samsung was suggesting that one simple solution would be to always assume category 10 in non-MIMO mode.
Qualcomm invited operators for their views.
Cingular might see some value in this additional category, would like to get back to this.
T-Mobile didn’t see much of a system performance justification but in light of UE complexity and potential faster time to market would agree to an additional category
VF was asking a few questions on potential limitations like QPSK (were sorted out).
Although a number of companies would see some value on defining one additional UE category for MIMO, there was no clear agreement on this. Further contributions will be presented in this meeting.


AI 2.2 Asymmetric / symmetric code allocation (impact on HS_SCCH signaling)

Tdoc R1-MIMOR7-PHIL-01 (Philips)

This Tdoc suggests allowing the flexibility of asymmetric code allocation in HS-PDSCH channels when using two stream transmissions.

Motorola was asking whether any receiver performance implications were foreseen when using asymmetric code allocation. Philips was not aware of any.
Qualcomm commented on the possibility of retransmission of larger transport blocks even after the number of codes was reduced (potential code rate > 1 for the individual re-transmission). Samsung was questioning about code rates lower than 1/3 (e.g. repetition) in order to overcome the problem of allowing asymmetry. It was clarified that this would require changes in RM and RV definitions and this was already ruled out.
Motorola raised the point that allowing asymmetric code allocation together with use of up to two HS-SCCHs would be more in line with Rel-5. It was commented (Ericsson, Qualcomm, Philips) that there will be need to change HS-SCCH anyway, so this being more in line with Rel-5 is not that important.
NEC was wondering how large the difference in transport block could actually be before asymmetric allocation would be needed. Especially given that there is also single stream transmission, it seems not very likely that asymmetric allocation is needed.
Philips was not sure about the statistics, but would at least the possibility that it happens. Since Qualcomm had a paper on the same topic with a statement base on preliminary simulation results, the next Tdoc was presented
Tdoc R1-MIMOR7-QCOM-02 (Qualcomm)

This contribution suggests to use only symmetric code allocation in case of two stream scheduling. The main reasons were that simulations didn’t show any significant performance difference in cell throughput and that symmetric code allocation would allow for some savings in downlink signaling overhead since the code allocation would only need to be indicated once (no additional information needed).
Philips was asking whether it was taken into account that when re-transmitting smaller transport blocks they might then not fit into the TBS signaling any more. Qualcomm clarified that this was not simulated. Motorola commented that they would not expect a large difference as this was relative to average per sector throughput. It would be interesting to see the effect over geometry. Qualcomm: The simulations assumed already the 6 dB additional isolation and were therefore already matching the agreed MIMO evaluation scenario (higher SINRs). If the individual throughput of high SINR UEs would suffer, it should also degrade cell throughput. 
Qualcomm asked whether it is a common understanding that symmetric code allocation should be used when there is no need for asymmetric allocation due to signaling limitations. Most companies share this view although no clear consensus on this was reached. Ericsson pointed out that we are trying to minimize downlink overhead with a lot of effort in other place. Why would we need constantly the overhead in MIMO signaling if asymmetry does not allow for performance benefits? Motorola was not sure about what are the savings in signaling. Phillips agreed that minimizing the overhead should be of higher priority if there is no clear performance difference between symmetric and asymmetric code allocation. 
Most companies that participated in the discussions seem to converge to the view that the potential savings of about 4 bit HS-SCCH signaling payload for all dual stream scheduling TTIs is probably more important than the potential performance difference between symmetric and asymmetric code allocation. However, it was not possible to reach consensus on this topic during the call.


AI 2.3 Single HS-SCCH with two possible formats or up to two HS-SCCHs with one format

Tdoc R1-MIMOR7-PHIL-02 (Philips)
Tdoc R1-MIMOR7-QCOM-03 (Qualcomm)

Both Tdocs were presented before the discussion on this item was opened. The documents are both suggesting to only use a single HS-SCCH for signaling scheduling information in the downlink as the savings in payload and code usage are significant (30% and 50%, respectively, in two stream cases).
Cingular was asking about the additional gain/penalty of using symmetric versus asymmetric code allocation. Qualcomm: Payload on HS-SCHH would increase by 4 bits from about 550 to 59 bits => some degradation in HS-SCCH performance. Philips agreed that there some saving potential if the restriction to use symmetric code allocation does not penalize throughput performance.
Motorola expressed preference for dual HS-SCCH solution due to easier way to adapt to the number of scheduled streams and being more in line with existing Rel-5. Ericsson commented that using a single HS-SCCH will be beneficial due to the overhead savings and that is more important than being better in line with Rel-5, given that the HS-SCCH has to change anyway. Motorola pointed out that the savings are limited to the occasions when dual streams are scheduled. Phillips commented: Only downside they see with single HS-SCCH if there should be 2 formats for exploiting reduced payload size in single stream situations is the blind detection of two formats. But for a given number of MIMO capable UEs that shall be able to be scheduled in code multiplex, it is exactly the same number of decodes one would need to do (e.g. either 4x2 formats on 4 HS-SCCHs or 8x1 format on 8 HS-SCCHs when 4 MIMO UEs should be multiplexed). Motorola was also not sure how the part I / II split would then be affected. Nokia was expressing concerns that staying with part I/II split might not work for a single HS-SCCH. Ericsson didn’t see an issue with that and would like to provide and example for the next meeting. NEC saw one more aspect: In dual HS-SCCH case there could be a different power on each of them as a means to control their miss-detection rate. Qualcomm and Cingular were raising the question whether there is then sufficient support to go with a single HS-SCCH solution. Motorola didn’t feel like ageing at this point in time and would like more time to convince other of their preference for dual HS-SCCH solution.
No agreement on the use of a single HS-SCCH versus up to two HS-SCCHs could be reached in the call. A number of companies were promoting the idea of using just a single HS-SCCH due to the potential overhead savings. More contributions on this will be submitted to this meeting.

AI 2.4 Need to support DPCH (non F-DPCH) in MIMO mode
Tdoc R1-MIMOR7-QCOM-04 (Qualcomm)
This Tdoc suggests to support also DPCH (not only F-DPCH) as an associated channel when the UE is operating in MIMO mode.

Ericsson agreed with this suggestion. Nokia didn’t have a view on this so far. Cingular was not sure about their need for this but would like to come back with more input to the upcoming meeting. Motorola saw some additional complexity and didn’t agree that this is needed. VF asked about what is the additional complexity. Qualcomm argued that it could also be seen less complex as the already implemented operation of DPCH as an associated channel can be continued as is and no additional restrictions or couplings of modes of operation have to be taken into account.
No conclusion was reached on the support of DPCH when in MIMO mode. Further discussion will be needed.

AI 2.5 Coupling of use of transmit diversity on F-DCH (maybe also DPCH) when in MIMO-mode

Tdoc R1-MIMOR7-PHIL-03 (Philips)
Tdoc R1-MIMOR7-QCOM-05 (Qualcomm)
The two documents were presented first and then the discussion was opened. Both documents suggests to use sing antenna transmission or STTD as the only modes for F-DPCH and leave the choice up to the network. R1-MIMOR7-QCOM-05 also suggests to keep the configuration of single-Tx/STTD/CLTD to be used on DPCH (in case it needs to be supported) independent of MIMO mode.

On the F-DPCH there was consensus among the participating companies, that this is the right way to go. Motorola was suggesting to check in general (for F-DPCH and other channels) whether there is any benefit in allowing multiple channel configurations in combination with MIMO due to the potential complexity saving if only fewer combinations need to be supported. IT was also stated by Nokia and Philips that the configuration of STTD for F-DPCH is actually more impacting the transmission of other channels such as HS-SCCH or the E-Downlink channels
On the DPCH part there was no agreement since it is not clear at this point whether DPCH needs to be supported with MIMO at all.

Consensus on limiting use of F-DPCH to single Tx or STTD transmission was reached. 
AI 2.6 What MCS cases need to be covered by reported CQI

Tdoc R1-MIMOR7-PHIL-04 (Philips)
Tdoc R1-MIMOR7-QCOM-06 (Qualcomm) only briefly treated

These two Tdocs describe what are the potential CQI values that a MIMO capable UE might be able to report and which ones are reasonable candidates. 

A clear focus of the discussion was around options 1, 2, and 5 in the R1-MIMOR7-PHIL-04 document. It was not clear at this point whether a dynamic reporting of single and dual stream CQIs as preferred for the current channel conditions should be done by the UE or whether it would be better to provide single as well as dual stream CQIs all the time. TI was asking whether for the purpose of CQI reporting one would need to define a reference receiver like type 3 receivers. This is not the case. Motorola was asking for guidance on whether use of MIMO should be compatible with SDMA (code reuse between multiple UEs). Qualcomm commented that MIMO might be an elegant way to double the effectively available OVSF codes when MIMO-capable UEs share OVSF codes on different streams. Operators wanted to get back with some input in the next meeting.
No conclusion on the question which CQI values should be reported in the uplink due to lack of time to further discuss.
The call had to be closed at this point since the maximum duration of 3 hours was reached.

The convenor summarized briefly what was discussed and invited every one to work on further consolidation of the different views on signalling details in order to progress the standardization of MIMO in Rel-7.
2 Conclusions
One open issue was resolved (use of single Tx or STTD on F-DPCH) and a number of open issues were discussed on a very detailed level. Although most interested parties are working towards further convergence of their views, it was not possible to find any other agreements. On the other hand a number of options have been described a bit more detailed now and allow for better understanding of the different preferences. Depending on the progress during meeting #46bis it might be reasonable to schedule another conference call before meeting #47.
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Table 1 Participating companies and individuals

	Companny name
	Individual Participants

	Cingular Wireless
	Sharat Chander, David Smith

	InterDigital
	Eldad Zeira, [NN]

	Siemens
	Terence Dodgson, Malgorzata Wimmer

	Nokia
	Karri Rantha-Aho, Jorma Kaikkonen, Marko Lampinen

	Nortel
	Evelyn Le Strat

	Lucent
	Howard Huang, Angel Lozano

	TI
	Yuan Li, [NN]

	Panasonic
	Hidetoshi Suzuki, Kenichiro Shinoi, Masayuki Hoshino

	Broadcomm
	Joseph Boccuzzi

	Intel
	Shimon Moshavi, Adoram Erell

	Ericsson
	Bo  Göransson

	Infineon
	Manfred Zimmermann

	Samsung
	Juho Lee [NN}

	NEC
	Thanh Bui

	Motorola
	Mark Harrison, John Oliver

	Philps
	Matthew Baker, Tim  Moulsley

	KDDI
	Feng Lu

	T-Mobile
	Georg Wannemacher [NN]

	Alcatel
	Eliza Wong

	LG
	[NN]

	Vodafone
	Tim Frost

	Qualcomm
	Ivan Fernandez, Chritoph Joetten, Josef Blanz


Table 2 Distributed Tdocs for the teleconference

	Tdoc #
	Document name
	Source
	AI

	R1-MIMOR7-QCOM-01
	Additional UE category
	Qualcomm Europe
	2.1

	R1-MIMOR7-PHIL-01
	Symmetric versus asymmetric code allocation
	Philips
	2.2

	R1-MIMOR7-QCOM-02
	Asymmetric / symmetric code allocation
	Qualcomm Europe
	2.2

	R1-MIMOR7-PHIL-02
	Number of HS-SCCHs for dual stream operation
	Philips
	2.3

	R1-MIMOR7-QCOM-03
	Single HS-SCCH or up to two HS-SCCHs for downlink cont
	Qualcomm Europe
	2.3

	R1-MIMOR7-QCOM-04
	Need to support DPCH (non F-DPCH) in MIMO mode
	Qualcomm Europe
	2.4

	R1-MIMOR7-PHIL-03
	Use of Transmit Diversity on the associated (F-)DPCH
	Philips
	2.5

	R1-MIMOR7-QCOM-05
	Coupling MIMO to the use of transmit diversity on F-DPCH (or DPCH if applicable)
	Qualcomm Europe
	2.5

	R1-MIMOR7-PHIL-04
	Possibilities for CQI reporting
	Philips
	2.6

	R1-MIMOR7-QCOM-06
	What needs to be covered by reported CQI?
	Qualcomm Europe
	2.6

	R1-MIMOR7-PHIL-05
	Reporting rate for CQI and PCI
	Philips
	2.7

	R1-MIMOR7-QCOM-07
	Different reporting rates for PCI and CQI
	Qualcomm Europe
	2.7

	R1-MIMOR7-QCOM-08
	Split of control information in the uplink
	Qualcomm Europe
	2.8

	R1-MIMOR7-QCOM-09
	ACK/NACK coding
	Qualcomm Europe
	2.9

	R1-MIMOR7-QCOM-10
	Advanced Rx (SIC) capability flag
	Qualcomm Europe
	2.10
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