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1. Summary
Q1: Have any companies come to a new conclusion whether to support TxD?
Support: ALU/ASB, Huawei/HiSilicon, IDCC, ZTE, Pantech, LG, Qualcomm, Mitsubishi
Not support:  Ericsson/ST-Ericsson, TI, Nokia/NSN
Q2: Have any companies newly reached conclusions on the severity of the multiplexing capacity issues for SORTD?
Severe: Ericsson/ST-Ericsson, TI, Nokia/NSN
· It is not possible to conclude that there will be only few UEs using payload sizes larger than 4 bits. Downlink carrier aggregation could be used for UEs with a low uplink SINR considering that downlink/uplink interference is not reciprocal.
· Carrier aggregation could be used not only for going beyond 20 MHz but as a way of handling fragmented spectrum with possibly a smaller or similar total bandwidth, further increasing the need of higher payload sizes.
· In TDD, HARQ-ACK payload sizes tend to increase, as well as the need of higher multiplexing capacity, since the number of uplink subframes is limited.
· PUCCH format 3 also supports less than 4 bits for which naturally multiplexing capacity is also crucial.
· The multiplexing capacity issue of format 3 may have an impact on the PRB selection in the PUCCH region.  
· The eNodeB can switch SORTD off, but this complicates the resource allocation.
Not severe: ALU/ASB, Huawei, IDCC, ZTE, Pantech, LG, Qualcomm, Mitsubishi
· There will not be so many UEs with ACK/NACK payload size above 4 bits, especially at cell edge where the use of Tx-D is more relevant.
· For format 3, multiplex capacity is 5, which has similar multiplex capacity with format 2 in one PRB pair.
· Multiple PRB pairs (FDM) could still be used to further enlarge the multiplexing capacity.
· The network can turn off SORTD, and so the network can always make adjust the number of UEs using SORTD with format 3 through RRC configuration.
· The concern on multiplexing capability can be addressed by controlling ARI. The introduction of PUCCH format 3 is justified for better A/N performances particularly in large payload size (up to 20bis in TDD).
Observations: 
· All of the companies in the email discussion see the obvious performance gain from TxD on PUCCH format 3 compared with no TxD.
· Arguments of opponents 

· There are some scenarios as shown above where the network needs higher multiplexing capacity for PUCCH format 3.
· Turning on/off SORTD complicates the resource allocation.
· Arguments of proponents 
· The multiplexing capability impact is bounded by the ratio of edge of coverage UEs to all UEs, which should be moderate.
· In case of multiplexing capacity limitation, the network can still deactivate SORTD per UE basis, and so the network can adjust the number of SORTD UEs with format 3 by RRC configuration.
·  The introduction of PUCCH format 3 is justified for better A/N performances particularly in large payload size
Proposal: 

	·  Support SORTD for PUCCH format 3


2. Comments from each company

	ALU/ASB
	Q1

Alcatel-Lucent/ASBsupport SORTD in R10, although our first preference was FSTD. SORTD has shown best performance among the TxD schemes evaluated for PUCCH Format 3 and is consistent with the TxD decision for Format 2.

 Q2

Multiplexing capacity of SORTD is not the limiting issue for TxD selection for PUCCH Format 3, since not all UEs will use PUCCH Format 3. We can revisit in R11, if capacity problem is found.

	Huawei/ HiSilicon
	From our point of view and according to our evaluation, Uplink TxD on PUCCH format 3 shows very attractive performance gain over no TxD, so TxD on PUCCH format 3 should be supported. 

According to the offline discussion and online discussion, the main concern about TxD is the multiplexing capacity of SORTD. But due to the following reasons, we do not think it is really a problem.

1. PUCCH format 3 is mainly used for large payload sizes of ACK/NACK above 4 bits. And TxD is mainly used for the cell edge UEs to improve the coverage. We do not believe there will be so many cell edge UEs with ACK/NACK payload size above 4 bits in the real network. For the large portion of UEs with small payload size below 4 bits, channel selection could be used instead.

2. For format 3, multiplex capacity is 5, which has similar multiplex capacity with format 2 in one PRB pair. SORTD is supported for PUCCH format 2, following the same logic, multiplex capacity is not an issue for format 3. Note that multiple PRB pairs (FDM) could still be used to further enlarge the multiplexing capacity.

3. If some companies still concern about the multiplexing capacity of SORTD, it could be turned off.



	Ericsson/ST-Ericsson
	1. We were originally considering introduction of FSTD since it did not come at the cost of degraded multiplexing capacity. We as well as many other proponents of TxD for PUCCH format 3 out-ruled SORTD due to the multiplexing capacity issue. In fact, compared to SORTD all the other TxD alternatives appear more attractive, including STBC. Thus we don’t see sufficient justification for including TxD based on SORTD. 

2. Although SORTD can give some gain on link level, it comes at the cost of severely decreased multiplexing capacity. It is therefore not clear whether there will be any gains on system level in the end, if the capacity decrease is taken into account. Also, we do not think it is possible to conclude that there will be only few UEs using payload sizes larger than 4 bits. It seems particularly unclear why downlink carrier aggregation would not be used for UEs with a low uplink SINR considering that downlink/uplink interference is not reciprocal. Keep also in mind that carrier aggregation is not only used for going beyond 20 MHz but also as a way of handling fragmented spectrum with possibly a smaller or similar total bandwidth, further increasing the need of higher payload sizes. TDD is also an important area in which the payload sizes tend to increase, as well as the need of higher multiplexing capacity, since the number of uplink subframes is limited. Note also that PUCCH format 3 very well supports less than 4 bits for which naturally multiplexing capacity is also crucial, as acknowledged by the discussions in the email thread about channel selection. Finally, if there would indeed be so few UEs using PUCCH format 3 it is hard to understand why it would be important to optimize the functionality for such a few UEs. 



	IDCC
	Q1

We are supportive to include Tx Div for PUCCH Format 3. As we have seen in simulation results such as R1-105332, performance gains are non-negligible. Inclusion of the Tx Div option for Format 3 similar to the PUCCH Type 2 would allow to maintain the balance of required operating SINR in the link-budget for the different UL control channels.

 

Q2
We think that reduced multiplexing capacity on PUCCH Type 3 resources when using SORTD is a nominal concern, but not likely to become a limitation in practice. The multiplexing capacity of Type 3 using Tx Div (SORTD) would not be substantially different from that of Type 2 using Tx Div. In both cases, it’s an eNB RRC configuration decision to trade-off the number of Type 3 users per given subframe  (and resulting RB usage) and link budget considerations

	ZTE
	Q1

We support TxD for PUCCH format 3. From our simulation and other company’s results, it is clear that there is significant performance improvement using TxD over single antenna port transmission.

Q2

SORTD has reduced multiplexing capacity as compared to other TxD schemes, but this problem is not the showstopper. We think it is more important to provide the network with the ability, so it can configure TxD for format 3 when necessary and permitted. The severity of the issue, if any,  can be mitigated,as the network can always make corresponding adjustment through rrc configuration.

	Pantech
	Q1

We also support applying TxD to format 3 since, as mentioned by others, we also see that the benefit of TxD is substantial.

Q2

Reduction of multiplexing capability could be addressed either by explicit signaling or by other means. We see that the benefit of TxD is more critical than the possibly additional signaling overhead which may be required.

	LG
	We think that introducing TxD for PUCCH format 3 is absolutely needed. The spatial diversity gain can be further achieved as increasing A/N payload size (ie. coding rate). According to our link level simulation results in R1-105664, the SNR gain of SORTD over single antenna transmission is about 2.43dB at 10 A/N bits in ETU3km/h. Now that we agreed up to 20 A/N bits are supported for TDD, we think the TxD for PUCCH format 3 has become an essential feature in A/N performance point of view. In our view, there is no reason to sacrifice UL coverage for PUCCH format 3 even though the UE has more than two transmit antennas.

If I may recall the discussion in discussion on PUCCH format 3 in Dresden (RAN1 61bis), the main concern of PUCCH format 3 was to reduce multiplexing capacity. It also has the trade-off between A/N performance and multiplexing capacity. PUCCH format 3 has a multiplexing capacity of 5 while PUCCH format 2 does “12” (with delta_PUCCH=1) and while DFT-S with FDM=2 does “10”. The introduction of PUCCH format 3 has been justified because of its better A/N performances particularly in large payload size. It would be quite inconsistent from our previous agreement in RAN1 if TxD is not applied due to the concern of multiplexing capacity. As mentioned from several companies, the concern can be addressed by controlling ARI and single antenna port mode.

As a detailed TxD scheme, we are still thinking that SFBC outperforms other candidates except for SORTD in A/N performance as well as in implementation perspective. STBC has no clear solution on frequency domain processor and FSTD is vulnerable in antenna gain imbalancing or high Tx correlated environment. However, we are willing to go with SORTD for the RAN1’s progress as a harmonization since applying TxD is more important.



	Qualcomm
	Q1
In order to improve, or at least maintain, UL control coverage for Format 3, we believe that TxD would be beneficial. 

Q2

For UEs in nominal power headroom conditions, TxD need not be configured.  For UEs that run out of power but would need to send Format 3, the choice is either configuring TxD SORTD or reducing the number of configured DL carriers (or dropping Format 3 altogether). Although the latter preserves multiplexing capability, it's not a solution of interest.  Therefore, even though there is a cost in reduced multiplexing capability, using TxD SORTD is justified for link budget limited UEs. At the same time, the multiplexing capability impact is bounded by the ratio of edge of coverage UEs to all UEs, which should be moderate.  



	Mitsubishi
	Q1

We support the introduction of TxD for PUCCH Format 3 because it provides performance gain with respect to single-antenna transmission.
Q2

As mentioned online, even if SORTD requires more multiplexing resources compared to SFBC, STBC and FSTD, we can accept SORTD as a compromise TxD solution, ensuring best performance. Single-antenna port mode can be configured in case of resource shortage


	TI
	· Performance is one, but should not be the only, consideration when deciding whether to support TxD for PUCCH Format 3. 

· The multiplexing capacity should also be given serious consideration. 

· In addition to the points raised by George (Ericsson) the multiplexing capacity has some bearing on the PRB selection issue.  

· For example, if the Format 3 region is subsumed within the Format 2 region, it could either be over-dimensioned to account for the later possibility that a UE is configured for TxD, or it is dimensioned assuming no TxD, in which case 5 (4) UEs can be multiplexed in a normal (shortened) subframe respectively. With TxD configured for some UL power-limited UEs only two such UEs can be multiplexed per PRB regardless of the subframe type, which limits the number of UEs that can be configured for SORTD. 

· Although the eNB has the choice to configure or not TxD for a particular UE it remains a valid question what the benefit of this optimization is if very few UEs can enjoy TxD gain especially as this may affect the dimensioning of the Format 3 region. 

· Finally, and by the same token, we see a similar capacity problem for Format 2, and we respectfully request that RAN1 reconsider the earlier agreement for SORTD on PUCCH Format 2. 



	Nokia/NSN
	The view of Nokia and Nokia Siemens is to a large extent similar to what George and Tony expressed. Even though there is some gain available from SORTD, the doubled overhead makes it very impractical to utilize. Of course the eNodeB has the freedom to switch SORTD off, but since this seems to be the largest merit of the scheme we do not think it is worthwhile to introduce it into Rel.10. The complications to resource allocation, additional RAN4 work related to demodulation requirements and testing etc make SORTD a rather unfavourable option.
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