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Introduction
After an initial discussion of contributions on MIMO (FDD) for Rel-7 in the plenary of the TSG RAN WG1 #46 meeting in Tallin, a group of interested companies met for an ad-hoc focusing on agreeing further details of the L1 specifications in support of MIMO (FDD) for Rel7. Consensus was reached in a number of areas; see the agreed working assumptions in [14]. The present document provides a list of open issues including options that were discussed as possible ways to resolve the open issues.
1 Areas for further study
For most of the open issues listed in this section, a number of possible options to resolve the issue are briefly described. It is intended to provide analysis on the pros and cons of these options such that RAN1 could get to an agreement on these open issues as soon as possible, preferably in the next meeting.
1.1 HSDPA categories and UE capabilities, general definitions

· UE categories for MIMO: Basically the only remaining option that was discussed is:

i. Define one more MIMO category with 15 codes and 16QAM that uses the same transport block sizes and IR buffer memory limits as the existing category 9 for each stream, i.e. define a 20 Mbps in addition to a 28 Mbps peak rate category.

· If the code reuse between different MIMO capable UEs should be supported (which is FFS), a MIMO capable UE can assume that if code reuse between different MIMO capable UEs is done, the respective data packets are carried on orthogonal precoding vectors.
· Symmetric versus non-symmetric OVSF code allocations: For the purpose of CQI reporting it is already agreed that the UE should assume the same HS-PDSCH OVSF codes are used on both streams. It needs to be defined whether we will need the freedom to actually schedule asymmetric code allocations since it will have impact on the downlink control signaling. Due to the existing mapping between TBS and number of codes and modulation, in case of larger difference in TBS between the streams the smaller block size might not be able to be signaled with the number of codes required by the larger block. Options to study:
i. Do not allow asymmetric code allocations:
This implies that only downlink control signaling of one OVSF code set would be needed. The larger transport  block would need to be reduced to a size that would allow to also signal the smaller transport block with the same number of OVSF codes or not to transmit the smaller block. 
ii. Allow for asymmetric code allocation:
Whenever the asymmetry of transport block sizes gets large enough such that the smaller transport block size could only be signaled when a smaller number of codes would be used on that stream, such an asymmetric code allocation should be allowed. This would imply the need to be able to signal different OVSF code sets (maybe with some restrictions) for the two streams in the downlink. It needs to be understood to what extend the system performance would benefit from the possibility of asymmetric code allocation relative to the case of strictly symmetric code allocation as described in the previous option. Also it needs to be understood to what extend the code asymmetry would need to be supported, i.e. up to what difference in number of OVSF codes we would need to go to support the smaller TB in a sufficiently large number of cases (e.g. 90%).
· A new UE capability is introduced indicating the use of advanced (non-linear) receivers?  Options:
i. Add  UE capability indicator on advanced architecture: Node B would have a possibility to benefit from improved UE decoding performance in case it sticks with symmetric OVSF code allocation for dual stream scheduling
ii. No UE capability indicator on advanced architecture: Node B could treat all UEs identical, but would not know how much the performance loss would be if it diverges from symmetric code allocation in dual stream scheduling situations.

· Handling of associated DPCH/F-DPCH: The use of transmit diversity on the associated F-DPCH (and DPCH if applicable - TBD) should be decoupled from the MIMO operation of the HS-DSCH? Options:
i. Associated DPCH/F-DPCH can be configured for TD independent of the MIMO operation of HS-PDSCH. This would allow using associated DPCH either with no TD if desired or with a TD mode that would or would not rely on the MIMO precoding feedback. The associated DPCH/F-DPCH could then either run with single Tx antenna, STTD or (possibly) modified CLTD.

ii. Force the use of TD on the associated DPCH/F-DPCH.
For F-DPCH: Needs to be seen if the F-DPCH would then run in STTD or a modified form of CLTD (without need for AV). Currently only STTD is possible on F-DPCH
For DPCH: Would also need to decide whether to use STTD or modified CLTD (no AV)? Currently both STTD and CLTD are possible.
1.2 Precoding Definitions

· Support for 4 Tx antennas (also impacts control information in uplink and downlink). It is assumed that a cell is either a 2-antenna MIMO cell or a 4-antenna MIMO cell. No support for using both antenna numbers in a dynamic way for the same cell is needed. 
· If the number of transmit antennas was to be extended to 4, there would still be a maximum of two streams, i.e. a maximum of two codewords transmitted in parallel.
1.3 Control information in the uplink

· Should there be a split between precoding information carried on FBI bits in the DPCCH and CQI information carried on the HS-DPCCH 
 
OR

could there be a joint precoding parameter information and CQI information mapping on HS-DPCCH? Options:
i. Put precoding control information (PCI) on FBI bits and CQI on HS-DPCCH: 
This would mean that at some point in time before the HS-PDSCH TTI starts, the Node B is supposed to decide which should be the primary beam vector and whether to use single or dual stream transmission for the upcoming HS-PDSCH TTI. So if the PCI is transmitted on the FBI bits (even when the preferred number of streams would be part of CQI), there would be two FBI bits received at some certain time before the HS-PDSCH TTI starts, that would determine the precoding vector(s). The data rates to put on the one or two streams would still need to be derived from the previously transmitted CQI(s). Therefore, there is an inherent coupling between a set of FBI bits and reported CQI(s) even when these pieces of information are transmitted on different channels. So the fact that the FBI bits that determine which precoding is used are closer to the actual HS-PDSCH TTI, does not necessarily mean that the Node B has then a more up-to-date information on what exactly to use as a combination of precoding and transport formats. It needs to be understood if there is any gain (or possibly a loss) if the PCI (with or without rank information) is transmitted more frequently than the CQI.
ii. Report PCI and CQI together on HS-DPCCH:
This would mean that the payload on the HS-DPCCH would have to slightly increase. It would allow to completely decouple the MIMO precoding feedback from the FBI bits. In case of associated F-DPCH used in single Tx antenna or STTD mode, it could also mean that no FBI bits are needed on uplink. The Node B would always get the PCI together with the matching CQI. It would also either get both of them OK or not. Further advantage: The PCI and CQI could be reported with a duty cycle lower than 100% if the network would want that, whereas the split between FBI and HS-PDCCH would require at least the FBI bits to be always transmitted. It needs to be understood what the performance difference to the case of split between FBI and HS-DPCCH is.
· Indicate preferred precoding vector and preferred number of codewords not more often than once per 2ms. Actually this issue seems not to be really controversial. There seems to be a common understanding that there is no need to report PCI (including rank) more often than once per 2ms. It is just not clear whether the reporting rate of CQI needs to be as fast as the one of PCI. This is closely related to the issue mentioned above on separate FBI/HS-PDCCH signaling versus joint signaling on HS-DPCCH. Options:
i. Report CQI and PCI (no matter on which channel they are reported) at the same rate
Probably this would then be once per 2ms TTI (or with a lower duty cycle if the network wants that). Node B would always get a set of PCI and CQI and therefore would have always the same delay between scheduling time and reporting of the (CQI/PCI) set.
ii. Reprot CQI less frequent than PCI
Allow for more frequent update of PCI. This could e.g. be such that the UE reports PCI every 2 ms TTI but CQI only every 4 ms or even less often. It needs to be understood if such difference in reporting rate does cause degradation of system level performance.

· Report one or two CQI values per 2 ms TTI depending on preferred number of codewords. It was also questioned if more CQI values (3) would make sense. After the discussion held so far, the following options seem to be of interest:
i. Report 2 CQIs in case of dual stream preference and a single CQI in case of single stream preference: 
In case of preference for two streams, one of the CQIs would be mapped to the preferred primary beam forming vector and one to the secondary. The one reported for the primary is also the preferred rate in case the Node B decides to schedule the UE in SDMA. If single stream is preferred, only one CQI is reported (which then assumes no code reuse for the requested number of codes). The scheme would allow to use different bit resolutions for the CQI in the single stream case (e.g. 5 bits) than in the dual stream case (e.g. 5 bits + 3 bits differential or similar). It needs to be understood what is the CQI dynamic range for the case of preference for single stream and also for dual stream. Statistics on what would be the CQI values reported in single versus dual stream could help to decide what a reasonable resolution and  number of possible combinations is.
ii. Report 2 CQIs in case of dual stream preference and also 2 CQIs in case of single stream preference:
Same as the option above, just allows an additional CQI (maybe differential) in case of single stream preference that indicates what would be the rate in case the single stream scheduling would be done in SDMA with another UE.

· ACK/NACK signaling. The options discussed were:

i. Using a (10,1) repetition code for the ACK/NACK in response to a single stream transmission (same as in Rel-5); using two (5,1) repetition code words for the ACK/NACKs in response to a dual stream transmission. The first ACK/NACK signal (in time) would then be associated with the stream on the primary beam and the second ACK/NACK signal with the stream on the secondary beam. This would have the advantage, that different power levels for ACK or NACK could still be used as in Rel-5, which could be used to reduce more critical error events (ACK => NACK errors).
ii. Using a (10,1) repetition code for the ACK/NACK in response to a single stream transmission (same as in Rel-5); using a (10,2) block code to jointly encode the two ACK/NACKs for the dual stream case. This would not easily enable a different power allocation for ACK and NACK events. It needs to be understood what the impact on ACK/NACK error performance would be.
1.4 Control information in the downlink
· It seems to be agreed that the control information that needs to be signaled in the downlink should be carried on the HS-DPCCH. However different options on how to do that were discussed:

i. Use multiple HS-SCCHs in parallel when multiple streams are scheduled to a single UE.
A) Single stream transmission: One HS-SCCH would be sent to a UE when only a single stream was scheduled. The HS-SCCH would now have to include the actually used precoding parameters (primary beam forming vector, 2 bits). It would also be essential for the support of code reuse between different UEs, to include information whether the code resources used in single stream transmission were reused to serve a second UE (1 bit). The field to indicate the H-ARQ process ID would have to be expanded such that at least 12 different H-ARQ IDs could be signaled (1 more bit). This would increase the payload of HS-SCCH by 4 bits in total. It was suggested to merge the encoding of part I and part II in HS-SCCH in order to compensate (at least to some extend) the increase of power needed to transport the additional bits. This would also have the advantage that other UEs with advanced receivers could decode the HS-SCCH and gain information on interference structure. Furthermore, it was also suggested that one of this additional bits (e.g. one of the 2 precoding indicator bits) could be signaled indirectly by looking at the OVSF code index of the HS-SCCH that was used to carry this information. If it was in the lower half of the monitored set of OVSF code indices, it could be set to 0 and otherwise to one. If it was desirable to reduce the overall payload on HS-SCCH, it was suggested to re-define the use of the TBS field (allow only 32 out of the 64 possible TB sizes), the use of the RV and ND fields (replace them with a two bit counter, that counts through a semi-statically defined sequence of RVs for one initial transmission and up to three re-transmissions). With this savings of 3 bits plus the indirect signaling of one of the precdoing bits, it would even be possible to keep the payload on HS-SCCH constant.
B) Dual stream transmission: Two HS-SCCHs with exactly the same format as described for the single stream case would be sent to the UE. Again, the mapping between the scheduling information carried on the different HS-SCCHs and the respective beams could be indicated via the OVSF code index. 
The use of up to two HS-SCCHs would easily allow for asymmetric code allocations across the streams. It would, however, lead to some level of redundancy if asymmetric code allocation is not needed. The switching between 1 or 2 HS-SCCHs for single and dual stream transmission would provide an automatic scaling of aggregate payload size sent to a UE, which would enable about the same coverage for HS-SCCH than in Rel-5. 
ii. Use only one HS-SCCH with possibly two formats  
A) Single stream transmission: Pretty much the same information as described for single stream transmission in the previous option would have to be carried (2 bits for precoding information, 1 bit for code reuse indication, one bit for extended H-ARQ ID). Also in this case, it could be considered to trim the existing field sizes (TBS, RV, ND) such that the overall payload would not change relative to Rel-5 and/or to remove the split between part I and part II (joint encoding) 
B) Dual stream transmission: All additional information needed for dual stream transmission would be packed in the same HS-SCCH. Depending on what level of asymmetry in the OVSF code allocation would be needed, only a smaller number of bits would need to be transmitted than two times the full flexible OVSF code allocation signaling. For instance: 1 bit modulation scheme and 7 bits OVSF code usage for the stream with larger block size, 1 bit for modulation scheme and (3 or 4) bits for reduction of OVSF code usage for the stream with smaller block size.This would be a total of 12-13 bits for modulation scheme and OVSF code usage.. Other information needed: Precoding indicator, two sets of (TBS, H-ARQ ID, RV ND). Again the TBS, RV and ND fields could be trimmed as in the single stream cases. If no trimming is done this would be 40-41 bits and if the trimming was done this would be 37-38 bits, depending on how much asymmetry is needed. If no asymmetry is needed, another 3-4 bits could be saved.
2 Conclusions
Although it is understood that the description of options for resolving open issues regarding support of MIMO in Rel-7 is not necessarily representing all views of parties that participated in the discussions in RAN WG1 meeting #46, it is suggested that this document is taken as a starting point for further progressing the work on MIMO for Rel-7. It is proposed that the outlined options are studied among the interested parties, so that decisions on each one of them could be made as soon as possible, preferably in the next RAN WG1 meeting. 
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