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1
Background
In the RAN1#63 meeting, most of the issues regarding the signaling required for the backhaul configuration (Un) were agreed, however there was one issue that could not be decided and was consequently subject of an e-mail discussion. It relates to the question how to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for non-interleaving R-PDCCH transmission, based on proposal ‎[1]:

[63-17-LTE-A] Email approval of R1-106538 “Proposal on non-interleaving R-PDCCH”
The outcome of the e-mail discussion is summarized in this document.

Relaying documents were not discussed in RAN1#63bis meeting but some offline discussion took place in Dublin and afterwards and progress was made on this issue.

2
Summary of Discussion

Proposal for TR 36.216

The editor made the following proposal how the explicit signaling (if agreed) can be captured in the TR which was agreed by the proponents of the explicit signaling: 

For non-interleaving R-PDCCH (i.e. mode 2), if the Un PDSCH transmission mode is configured to TM9, higher layer signalling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission

Discussed schemes
Besides the explicit signaling which was proposed in ‎[1] and the option always to use the maximum DM RS overhead further options have been raised and discussed. These further schemes can be regarded as implicit signaling schemes because they derive the information on the reserved bits implicitly from other signaled information which is already specified. All these options are reproduced hereunder, for convenience and to reduce potential confusion the same numbering is used as was also used in ‎[2] which summarizes 5 options. However, for the sake of completeness, also a further option is included which is presented e.g. in ‎[3] as the sixth option: 

One of the following criteria can be used to determine whether antenna ports {7, 8} (i.e. 6 REs) or {7, 8, 9, 10} (i.e. 12 REs) are reserved (not used) in the first slot of R-PDCCH RB pairs used for non-interleaving R-PDCCH transmission. For options 3 to 6 there is the rule that if the parameter indicated is less than or equal to 2 then only two ports / 6 REs are reserved, otherwise four ports / 12 REs.
1. 1-bit higher layer signaling.

2. always maximum DM RS overhead

3. min (number of DeNB Tx antennas, number of RN Rx antennas).
4. Max. number of supported layers indicated by the relay node as part of the category/capability. (it is up to the RN to also consider the number of Tx antennas at the eNB or more practically max(CRS, DMRS) ports and the actual channel rank and then possibly report a lower value than the hardware capability)
5. Number of layers set in codebook subset restriction
6. max (CRS, CSI_RS)

Classification of the schemes based on commonalities among them: 

· Option 2 does not make use of any signaling as always the maximum overhead is assumed, i.e. a static configuration is used. All the other schemes use signaling. 

· Option 1 uses explicit signaling i.e. a new RRC signaling, all the other signaling options i.e. 3-6 use implicit signaling, i.e. use existing RRC signaling which implicitly carries the information.

· Option 4 uses signaling from RN to the DeNB options 1, 5, 6 use signaling from DeNB to RN, Option 3 uses signaling in both directions.
· In option 4 the decision is done by the RN, for all other signaling options i.e. 1, 3, 5, 6 the decision is done by the DeNB
Support expressed for specific schemes 
Support was expressed during the e-mail discussion (this does not exclude that other companies may also be willing to support or have expressed support outside the e-mail discussion):
1. Nokia, Nokia Siemens Networks, Panasonic, Datangmobile, Motorola, LGE, CMCC
2. Qualcomm
3. no support expressed (the underlying principle was evolved into the following options)
4. Ericsson 
5. Alcatel-Lucent 
6. Huawei (or at least an implicit scheme)
Comments that were raised
The following comments were raised during the e-mail discussion: 

Regarding option 1, it was commented that such signaling may create a blind detection problem during an ambiguity period during reconfigurations (actually applies for all signaling options, if changes are done frequently).
Regarding option 3, it was commented that min(DeNB Tx, RN Rx) is rather unclear (how to get knowledge and that only the number of CRS antenna ports used by the eNB is known, the number of DMRS antenna ports could be higher. Finally, the number of Rx antennas is not really signaled from RN to eNB. Furthermore, it has been discussed that the solution would not be resource efficient when 12 resource elements are unused (4Tx antennas at donor eNB, 4 Rx antennas at RN) even though the channel conditions of the line-of-sight eNB-RN channel allow for a maximum of 2 layers and only DMRS port #7 and/or #8 is used.

Regarding option 1, it was commented that the complexity, taking into account the number of bits transmitted over the air, specification- and implementation-effort, testing, power consumption etc. don’t justify the flexibility. However it was also commented that all the options that support two different DM RS overhead assumptions have the same test, specification and implementation effort. 

Regarding option 4, it was commented that it is not line with the LTE MIMO discussion so far, because all the transmission rank is determined by the eNB (e.g. depending on orthogonality of channels to different UEs). However it was also commented that it doesn’t restrict the eNB scheduler in doing SU- or MU-MIMO, it is a means to reserve the proper number of REs potentially used by DMRS but it is still up to the eNB to actually use those REs for DMRS. However it was also commented that the maximum transmission rank of Un PDSCH depends on the SU- or MU-MIMO scheduling policy of the eNB, which is not known by the RN, so RN cannot decide.

It was proposed that companies promoting an implicit signaling option should align their views in order to be able to make a final selection between one implicit and explicit signaling option.
Regarding option 4, it was commented that advertising a lower category by the RN than the actual HW ability would lead to less efficient usage of RN's soft buffer. However it was commented as well that in Rel.10, the "Max. number of supported layers" will become a capability, which can be signaled independently of the category.
Regarding option 4, it was commented that LTE does not support UE initiated change of UE capability. It is only asked by the network as UECapabilityEnquiry message.
3
Conclusion

It seems to be agreeable to all companies that some signaling is required to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for non-interleaving R-PDCCH transmission. Having two options for antenna ports was already agreed before and the potential alternatives like always reserving all ports or limiting the rank to at most 2 in Rel10 have not been agreed. 
The only remaining open issue is the exact way of signaling this information. There are mainly two basic ways how to signal this information:

a) Explicit RRC signaling (option 1) supported by a number of companies and a text for 36.216 was agreed (if this option is finally selected).
b) Implicitly via some other information for which a signaling already exists. 
Among all the options that have been proposed the following options were finally supported by a company:

4.
Max. number of supported layers indicated by the relay node as part of the category/capability. (it is up to the RN to also consider the number of Tx antennas at the eNB or more practically max(CRS, DMRS) ports and the actual channel rank and then possibly report a lower value than the hardware capability)

5.
Number of layers set in codebook subset restriction

6.
max (CRS, CSI_RS)

Among those alternatives, a) is straight forward and will require a bit to be added to RRC signaling of the Un configuration (even though the formal decision how to code this information will be a matter of RAN2), while the precise definitions of the proposals for alternative b) may still need some clarification before deciding on the final scheme. 

In order to come to an agreement it is proposed to continue the discussion, clarifying the different sub-alternatives for implicit signaling with the aim to make a final selection.
Based on offline discussions in the Dublin meeting and afterwards it seems that the opinions regarding the implicit scheme converged towards the option 5. The two options that are widely supported for indicating the number of reserved antenna ports are:

· Explicit RRC signalling

· RN implicitly derives the information based on the value of the RRC parameter codebookSubsetRestriction-r10 
It is proposed that the final selection is made between these two options.
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