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1. Introduction

In this paper we discuss on the remaining issues regarding DM RS port number ambiguity in case of non-interleaved R-PDCCH and how DeNB and RN can come to an unambiguous common understanding. We also compare different options to achieve this common understanding i.e. explicit RRC signaling compared to implicit signaling.
2. Un data DM RS port number ambiguity

In ‎[1], the issue of Un data DM RS port number ambiguity in case of R-PDCCH and Un data (DM RS based) are multiplexed in the same PRB pair is discussed. According to previous agreement the maximum rank of Un data transmission can be up to four, which means the following possibilities exist
· 6 REs used for DM RS in the 1st slot , which corresponds to Un data rank <= 2
· 12 REs used for DM RS in the 1st slot , which corresponds to Un data rank > 2
Therefore, RN needs to be aware of the number of DM RS ports present in the current PRBs in order to properly decode R-PDCCH.

As discussed in ‎[1] there are basically three possible ways to solve the ambiguity issue above
1) RN always assume maximum possible DM RS overhead for Un data transmissions, i.e., REs corresponding to DM RS port {7,8,9,10} are always reserved and not used for R-PDCCH transmissions
2) RN always tries blind detection over the two DM RS overhead possibilities
3) RRC signaling is used to indicate the maximum DM RS overhead to RN
Among the three option 2) will double the blind detections of R-PDCCH and is therefore undesirable. Options 1) and 3) do not increase the blind detections because either always the same configuration is assumed or at least only one configuration is used at any time according to the agreement in RAN2 on higher layer reconfigurations.
Note that in all three options the rank of the R-PDSCH can still be selected dynamically therefore R-PDSCH does not need to be considered for the selection. 

To compare option 1) and 3) one needs to consider the efficiency of always assuming 12 REs in the 1st slot are reserved, i.e., not used for R-PDCCH use. This is determined by the performance loss of not using the 6 REs in question and the probability that this happens. 
In Table I the number of REs available for R-PDCCH are shown for different cases. From the table it is clear that 6 REs constitute around 15% of the resources for all the different cases, which seems difficult to be neglect.  

Table I Number of REs available for R-PDCCH in the 1st slot, 1 CCE
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DMRS 6 REs 

42 [100%] 38 [100%]

DM RS 12 REs 

36 [85.7%]  32 [84.2%]


For option 1) one way of compensating the resource loss is to use the power of the reserved REs for the R-PDCCH REs. This however only brings limited benefit, e.g., when the power of 6 REs are used for boosting the power 36 R-PDCCH REs it leads to around 10log(1+6/36) = 0.67dB average power gain. However, as the power boost cannot be equally distributed to all REs but only to those REs that are transmitted in an OFDM symbol carrying DM RS, only a fraction of the REs (e.g. 12/42, less than one third) can benefit from the power boost and accordingly the performance gain will suffer. It is clear that such power boosting gain is not sufficient to compensate the resource efficiency loss as shown from Table I. 
There has been the argument that for R-PDCCH a CCE size one is seldom used so saving 6 REs in one CCE is not very beneficial. However this is not necessarily true considering the rather good link geometry of the backhaul link and also the DCI size used for R-PDCCH. As shown in ‎[2] under typical evaluations the backhaul geometry can achieve > 10dB with probability of some 60%. Considering a DCI size of 44-64bits (i.e., size of format 2B with different BW up to 20Mhz) there is good possibility of utilizing CCE size one for DCI format 2B with geometry above 10dB. Also note that it is also possible to multiplexing one RN’s R-PDCCH with another RN’s data transmissions in the same PRB pair, when the DCI for the first RN is used for scheduling CRS-based data but the second RN’s data is based on DM RS. In this case the DCI size for the multiplexed R-PDCCH can be much smaller than format 2B which increases the probability of using CCE size one. 
From the discussions above it can be concluded that wasting 6 REs in the 1st slot is highly inefficient. Such resource efficiency loss is difficult to be justified since the use case of rank 3 or 4 transmissions over backhaul link is rather limited ‎[3] due to the fact that in a LOS environment it is unlikely to achieve a channel rank of more than 2 and due to the fact that neither all DeNBs nor all RNs will be equipped with quadruple antenna sets. Further more, some RNs that benefit significantly from the extra 6 REs are RNs in comparatively bad locations with comparatively bad backhaul SINR and those RNs will most likely not be able to support more than rank 2 as rank 3 or 4 require rather good SINR.  

Hence, we have the following proposal, which uses the formulation that was proposed during an email discussion ‎[4] by the editor of TR 36.216 and agreed by the proponents of the explicit signaling:
Proposal #1:  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.
3. Implicit signaling schemes
During the above mentioned email discussion ‎[4], several implicit schemes have been proposed in order to save the above mentioned one-bit signaling and deriving it implicitly from some other already signaled information. 
However only a single scheme seems to meet the necessary requirements (configuration by the DeNB, parameter value is unanimously known by both RN and DeNB, not limiting the originally intended use of the parameter by over-freighting it with a new meaning) and is thus considered an alternative to the explicit scheme. In this scheme the RN implicitly derives the information based on the value of the RRC parameter codebookSubsetRestriction-r10. If the restriction allows reporting of more than 2 streams then 4 ports are reserved, otherwise only 2 ports are reserved for DMRS. 

While we acknowledge that this parameter can be used to piggyback the information on DMRS configuration in static scenarios, there may be some issues when either channel conditions or the interference situation changes an thus the number of streams to be used needs to be changed as well. For reporting purposes, the codebook restriction can be changed liberally without any draw back (other than the signaling overhead), while when changing the DMRS configuration there is always a short ambiguous period where there is no guarantee that RN and DeNB apply the same value, which will cause that data transmitted during that period may be incorrectly interpreted and thus lost. Therefore the DMRS configuration should not be changed too liberally and consequently also the codebook restriction should not be changed when the implicit scheme is employed. This however may impact the flexibility to react quickly to changes in channel or, more importantly, interference situations and consequently limit the achievable performance. While channel changes may not happen too often for stationary relays (one example would be the obstruction of a path by a tall enough moving object like a double-decker bus), changes in interference due to varying load situations in adjacent cells (be they ordinary macro or micro cells or DeNBs or relays) may happen more often.
No such drawbacks exist for the explicit signaling scheme, for which the DMRS configuration can be kept rather stable, while changes in interference and/or channel situations can be responded to independently by changes of the codebook subset restriction. Given that the overhead of a single RRC bit seems to be negligible we have a preference to the explicit signaling.
4. Conclusion

In order to have an unambiguous understanding on the number of reserved antenna ports we propose explicit signaling:
Proposal #1  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.
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