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Discussion 
1. Introduction
It was agreed in RAN1#68 that 4-Tx MIMO should support two code words (CW) and two HARQ processes. This decision could make it easier for reusing certain design options of HS-DPCCH that are already standardised in the Releases prior to 11. However, in general, HS-DPCCH design depends not only on the numbers of code words and HARQ processes but also on such factors like desired granularity of beam forming or pilot design [1]. Thus the existing UL feedback channel scheme would require some adjustments in order for the existing HS-DPCCH scheme to become suitable for a 4-Tx MIMO system.
In this contribution, we present our considerations with regard to HS-DPCCH channel design in that as much as possible could be reused from Release 10 UL feedback scheme. We distinguish between 4x2 and 4x4 MIMO cases since it might be possible for 2-Rx antenna UEs to directly reuse the legacy UL feedback under certain conditions. Design aspects of HS-DPCCH for multi-carrier 4-Tx MIMO operation are also taken into account in the way that it should be possible to operate 4-branch MIMO in combination with a single uplink signalling channel in any case.
2. UL feedback requirements
The following information needs to be delivered from a Release 7 MIMO UE to its serving Node B operating on one DL carrier in a 2x2 system:
· HARQ-ACK for each received stream in DL, i.e. either one ACK/NACK in case of Single Stream or two HARQ-ACKs in case of Dual Stream transmission, 
· CSI:
· PCI (one out of four possible values),
· RI (one value equal to either 1 or 2) coded in the CQI value,
· CQI_SS or CQI_DS1+CQI_DS2 for rank 1 or 2 respectively.
In case of a 4x4 system, the UL signalling should reuse the above as much as possible. The agreement to use up to two code words and up to two HARQ processes in a 4-Tx MIMO system from RAN1#68 makes it easier to implement. In order for this to be even more straightforward, additionally the following assumptions that have already been discussed in the previous RAN1 meetings could be made [2]:
1. The number of transport blocks (TB) is equal to the number of layers.
2. One CW can carry up to two TBs at most.

3. One CW is used only in case of one layer transmission.
The following needs to be delivered from a 4x4 MIMO UE for one DL carrier operation with the above assumptions:
· HARQ-ACK for each received code word in DL, i.e. either one ACK/NACK in case of one or two HARQ-ACKs in case of two code words,

· CSI:

· PCI (one out of 4 or more values depending on the pre-coding code book size),
· RI (one value out of the range from 1 to 4),
· One CQI per one transport block.
When comparing the overhead burden of the above 4x4 MIMO case to legacy 2x2, the following can be observed;
· HARQ-ACK signalling can stay as it is.
· CQI tables can be reused since the maximum TB size is not increased.
· PCI might have to carry more information if the pre-coding code book size is greater than 4.
· RI information size has to be increased.
3. Options to accommodate increased UL feedback requirements into the existing HS-DPCCH scheme
When increasing the amount of information to deliver, one could think of different ways to achieve this like e.g.:
1. Adding an additional channel (to have e.g. 2 HS-DPCCHs in case of one DL carrier operation),
2. Or staying with the same number of channels (1 HS-DPCCH channel) and adjusting the mapping of payload bits on the available symbols so that the increased amount of information can be sent during the same amount of TTIs (i.e. during one 2ms TTI in case of one DL carrier operation),
3. Or staying with the same number of channels and payload bits to symbols mapping but spreading the message over more TTIs (e.g. two 2ms TTIs in case of one DL carrier operation).
The first option allows for directly reusing the same format of the existing channel and does not extend the time over that the message would be delivered. Introducing yet another channel however means spending twice as much code resources (W-CDMA) and UE power and increasing interferences in UL. This could be harmful for correct reception of UL feedback reports from other UEs and of other channels (e.g. E-DCH conveying user payload data). Moreover, in many cases, the recommended rank will be lower than 4, hence the DL data rate to achieve will not double when compared to 2x2 while twice as much UL resources would have to used anyway (poor scaling of cost versus gain).
The second option does not require any increase of resources to spend in terms of UE power or codes. Nor does it necessitate to spread the UL feedback report over time. Yet, it does not allow for a straightforward reuse of the HS-DPCCH channel coding structure. Thus the advantage of having a potential similarity in the new UL feedback design to the existing one thanks to using only two CWs and HARQ processes would be lost.
The third option would mean unchanged usage of UE resources in terms of power and codes when compared to 2x2 MIMO systems. With spreading the UL feedback reports over more than one TTI, it could be possible to deliver all increased amount of information without major modifications in the HS-DPCCH channel structure. The cost of extending the time to deliver does not seem to be very high in terms of system performance as can be seen in practical networks where even 8ms long reporting times are used. Hence we deem this option most attractive.
4. HS-DPCCH design
The basic HS-DPCCH structure used for legacy 2x2 MIMO consists of 3 slots. The first slot conveys the HARQ-ACK message, and the second and third slots combined carry the PCI and RI+CQI information. The spreading factor (SF) value is 256 with one or two DL carriers 2x2 MIMO operation. This means that, for one DL carrier, the HARQ-ACK message is mapped on 10 bits and the CSI information is carried over 20 bits. The HS-DPCCH sub-frame structure is shown in Figure 1. In case of Type A reporting, the CSI part consists of two PCI information bits and eight information bits with RI+CQI information, allowing for delivering one out of thirty SS-CQI values or two out of fifteen DS-CQI values. Altogether ten CSI information bits are mapped on twenty bits within the two CSI slots. With Type B reports when only Single Stream CSI is allowed, there is no RI and a Single Stream CQI is coded on five information bits allowing to deliver one out of thirty SS-CQI values. Hence, seven information bits (i.e. containing also the two bits PCI message) are mapped on twenty bits in the CSI slots with Type B reporting. 
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Figure 1: HS-DPCCH sub-frame structure
In the following, we present our view on how this structure could be reused with a 4-Tx system.
4.1
2 Rx UEs
A 2 Rx UE can receive up to two layers from a 4-Tx Node B and this means that not only the CQI and HARQ-ACK information would be within the same ranges of values but also this would be the case for RI. There is however still some uncertainty as regards the pre-coding code book size whether it should stay at four or whether would have to become greater. In case there is no change in the range of valid PCI values, the legacy HS-DPCCH could be reused without any modifications at all. If the pre-coding code book size increased but stayed within a range that could be represented with up to four information bits, the PCI information could be delivered over two HS-DPCCH sub-frames. The other information elements contributing to the UL feedback report would not need to be spread over two TTIs, though. The CQI values could represent the formats of the TBs as it is in the legacy 2x2 systems. This would be applicable for both Type A and Type B reports and they could be used in the same situations as it is the case with legacy 2x2 MIMO.
This solution would have obvious advantages thanks to offering a straightforward solution with most if not all parts of the CSI message being delivered within a 2 ms TTI. The drawback of that would be however that more new UE types would have to be defined and taken care of in higher layers signalling. 
4.2
4 Rx UEs
When the number of Rx antennas is four, the UE can receive up to four layers. The RI values will be then in the range from one to four. Reusing of the existing HS-DPCCH structure would become slightly less straightforward than in the 4x2 case because the value of RI can be only either one or two with legacy 2x2 UL reporting. The solution to this could be by sending two Type A reports over two 2ms TTIs. The RI information could thus be coded as a combination of legacy 2x2 RI values represented in each of two consecutive Type A reports like e.g. shown in Table 1. The HARQ-ACK and PCI values would be handled in a similar way to the one discussed for 4x2 UEs in the previous section. To note is that if there is no distinction of UE types between 4x4 and 4x2 as regards signalling, the solution considered here could be seen more general and relevant for all types of 4-Tx MIMO UEs. 
	4-Tx rank
	Rank in 1st Type A report
	Rank in 2nd Type A report

	one layer
	Single Stream
	Single Stream

	two layers
	Dual Stream
	Single Stream

	three layers
	Single Stream
	Dual Stream

	four layers
	Dual Stream
	Dual Stream


Table 1: Example coding of 4-Tx rank values by combining RI values in two Type A reports
It can be observed in Table 1 that, for the ranks corresponding to one or two layers, there is one CQI report more contained in two Type A reports than the number of TBs to use in these cases. Thanks to that one of the reported CQIs could be updated already in the second 2ms TTI. Furthermore, if the formats of the two TBs mapped to one CW would have to be the same, a similar situation would be also with three layers. With four layers each of the TBs formats signalled in the first Type A report could be updated in the next one. However setting the formats of the TBs within one CW to be the same might result in performance degradation. If this option should be chosen, the degree of performance loss would have to be investigated by simulations.
Another possibility could be to separate the RI message from the CQI part. With this it would be necessary to redesign the mapping between information bits and the symbols within the CSI slots. This would mean to have two dedicated RI bits. If the agreement for the PCI range were to keep it with four values coded on two bits, there would be space left for sixteen bits to deliver up to four CQI values. This would mean that altogether twenty information bits would be mapped on forty CSI symbols within two 2ms TTIs and thus the energy per bit would not change when compared to the legacy 2x2 scheme. The two PCI and two RI bits could be carried in the first sub-frame and the CQI information would be combined from six bits in the first and ten bits in the second sub-frame together to represent sixteen bits. It could also be possible to make the structure of the two consecutive TTIs symmetric so that there would be eight CQI bits in each sub-frame by spreading the PCI and RI bits over two TTIs.
Of course, if four bits turned out necessary for PCI, this would mean that 14 bits would be left for CQI reporting and the CQI tables would need to be redefined.
Type B reporting could still be used with 4-Tx MIMO to cover e.g. cell edge cases where Single Stream transmissions are most likely to take place and more energy needs to be spent on each information bit in the CQI report.
4.3
Multi-carrier extension
UL feedback signalling is extended to cover usage of up to four DL carriers for 2x2 MIMO transmissions in Release 10. The HS-DPCCH structure relevant for one DL 2x2 carrier is reused by sending two reports over two TTIs when there are two DL carriers. The HARQ-ACK and CSI information sent during each TTI corresponds to one of the two carriers. With three or four carriers, the spreading factor value applied on the HS-DPCCH is changed from 256 to 128 and thus this channel structure is used twice during each TTI and two such TTIs are used to represent all DL carriers. Thanks to this solution, there is only one HS-DPCCH channel even with 4 carriers and there can be one report every 4ms per each carrier. This approach could be reused with 4-Tx. However the general 4-Tx scheme for UL signalling, discussed in the previous section, is spread over two TTIs already with one DL carrier. This would simply mean that the duration of a 4-Tx UL report would have to be four 2ms TTIs with four DL carriers. This does not seem problematic, though, since, as already mentioned in an earlier section, 8ms long reporting times are used any way in practical networks. 
5. Summary
UL feedback channel design has been discussed for 4-Tx MIMO. It has been observed that, by applying appropriate  Transport Blocks – Code Words – Layers mapping, it could be possible to nearly straightforwardly reuse the legacy 2x2 HS-DPCCH structure without the introduction of second UL signalling channel. It has also been shown that the RI information could be carried on dedicated bits and this would require some more redesign of the UL feedback channel. Channel structure examples have been discussed for a general 4-Tx case as well as the special case of 2 Rx UEs. It has been shown that with four DL carriers operation, the UL feedback cycle would have to be extended to 8ms and this would not be different from the UL feedback update cycles already used in practical networks.
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