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Introduction
In previous RAN2 #71 meeting, the usage of the R-PDSCH starting symbol IE was discussed but no concrete decision has been made. We pointed out in [1] that R-PDSCH starting symbol would be commonly used for all type1 RNs and possible ambiguity regarding the starting symbols of R-PDSCH among RNs can occur in case of concurrent R-PDSCH starting symbol reconfiguration and DSR/ intra-H/O. 
In this contribution, we address the additional possible ambiguities during backhaul subframe reconfiguration and activation and discuss how to resolve such ambiguities.

Characteristics of R-PDSCH starting symbol IE
Immediate Activation of R-PDSCH starting time
In RAN2#70 meeting, the following agreement was made [4]. 
	Agreements:
2: 	At least the DL subframes should be indicated in Un subframe (re-)configuration.  
3:	Subframe configuration on Un and RN-Uu can temporarily be misaligned, i.e. a new subframe configuration can be applied earlier by the RN on Un than on RN-Uu.
4: 	Un subframe re-configuration is activated immediately on Un by the RN.



With current agreement, RRCConnectionRNReconfiguration message is a dedicated message and RN-SpecificSubframeConfig IE herein is used to configure a specific Un sub-frame and all the Un subframe reconfiguration will be immediately activated on Un according to the agreement 4. If the starting symbol of R-PDSCH IE is included in this IE, it will be activated immediately like all other IEs. However, it turns out that possible conflict regarding the starting symbol of R-PDSCH IE takes place between RNs and consequently temporary misalignment regarding the starting symbol of R-PDSCH would happen. 
Firstly, it was pointed out in [1] that it is better for the R-PDSCH starting symbol IE to be a common message rather than an RN dedicated message so that all RNs in a subframe should have the same R-PDSCH starting time. It was also mentioned that any misalignment between R-PDSCH starting time will cause entire or partial loss of R-PDSCHs. 
Another observation regarding R-PDSCH starting time is addressed in this section. Fig 1 shows an exemplary backhaul resource allocation among 5 RNs with the maximum 4 frame period. The allocation pattern is related in the number of RN’s and number of UEs under each RN. And, it is also affected by the radioframeAllocationPeriod of RN-SubframeConfig IE. For example, it is rather difficult to find the available backhaul sub-frame matched exactly to HARQ RTT at re-transmission in case of 10 or 20ms radioframeAllocationPeriod if HARQ RTT on Un interface is 8ms. On the other hand, it is much easier to find available backhaul sub-frames in case of 40ms radioframeAllocationPeriod. If DeNB would like to plan a very flexible partitioning of resource between macro UEs and RNs then it will use the various radioframeAllocationPeriod and radioframeAllocationOffset to allocate backhaul sub-frame for each RN. It can be noticed that all 5 RNs have different backhaul allocation so that backhaul allocation pattern is different every subframe in this example. 
In such a scenario, it is very possible that an ambiguity regarding the R-PDSCH starting symbol can take place among RNs if every RN is to immediately activate its new subframe. In other words, it is possible that an RN activates its reconfiguration message even before some other RNs either doesn’t receive any reconfiguration message or doesn’t have enough time to activate the new configuration due to its backhaul configuration coupled with poor channel quality. One of many examples in Figure 1 is that possible ambiguity can occur at sf#8 of SFN#5 if a new R-PDSCH starting time is activated at sf#6 of SFN#5 for RN1,3,5, since RN 4 may still have the old configuration.
Observation: R-PDSCH starting symbol IE may not be immediately activated to avoid the ambiguity among RNs.
[image: ]
Figure 1. Illustration of backhaul subframe allocation

Signaling for R-PDSCH starting time
Viewing the observation in the above section, the starting symbol of R-PDSCH IE, unlike other IEs in RN-SpecificSubframeConfig IEs, may not be activated immediately and would better be included in separate message, e.g. RRCConnectionRNReconfiguration message so that RN can manage it differently. For implementation convenience, it is better to define a new IE to indicate the R-PDSCH starting symbol independently from RN-SpecificSubframeConfig-IE which includes subframe configuration and R‑PDCCH configuration for Un in RRCConnectionRNReconfiguration message [5]. Otherwise, DeNB may immediately activate the new R-PDSCH starting symbol like Un sub-frame configuration when it receives RRCConnectionRNReconfigurationComplete message from some type1 RNs. 
Proposal 1: Define a new IE that indicates the R-PDSCH starting symbol as RN-CommonSubframeConfig-IE in RRCConnectionRNReconfiguration message. The default value for this IE is “3”.

RRCConnectionRNReconfiguration message
RRCConnectionRNReconfiguration-r10-IEs ::=		SEQUENCE {
	systemInfoChange-r10				SystemInfoChange-r10			OPTIONAL,		-- Need ON
	rn-SpecificSubframeConfig-r10		RN-SpecificSubframeConfig-r10	OPTIONAL,		-- Need ON
SubframeSpecificCommonSubframeConfig-r10	  	RN-CommonSubframeConfig-r10   	OPTIONAL,	-- Cond nonRNSpecific 
	nonCriticalExtension				RRCConnectionRNReconfiguration-v10xy-IEs	OPTIONAL
}

Activation time for R-PDSCH starting symbol IE
Implicit or Explicit Signaling
The activation of the new R-PDSCH symbol IE should be synchronized between RNs so that all of RNs in a given subframe should operate on the same starting symbol. Either implicit or explicit signalling for activation time can be considered for this purpose.  
In the explicit signaling, the explicit message for the activation time can be transmitted along with the new R-PDSCH starting time. But this signaling seems to be a little vulnerable when channel quality is poor. 
In implicit signaling the same activation time is implicitly provided to all the RNs so that all RNs will synchronize the activation of the new configuration. This scheme allows a little more time for RNs to be prepared for the activation of new configuration and it will be commonly applied for all the RNs in a subframe. There are still some RNs that are not be able to respond in time to reconfiguration message due to poor channel quality and any other reason. However, DeNB can delay the R-PDSCH resource allocation to any RNs that do not respond to reconfiguration message to avoid timing misalignment. The length of the implicit timer would be the maximum allocation period among RNs.
 Proposal 2: The implicit signalling for the activation time of new R-PDSCH starting symbol will be used.  
Subframe Allocation Pattern
The allocation pattern is related in the number of RN’s UE and type1 RN under the DeNB. In Figure 2 a typical occurrence of misalignment is exemplified.  In this example, RN1 is allocated with radioframeAllocationPeriod“n1”, radioframeAllocationOffset“0”, and RN3 is allocated with radioframeAllocationPeriod“n2”, radioframeAllocationOffset“1”, and RN5 is allocated with radioframeAllocationPeriod“n4”, radioframeAllocationOffset“0”. Thus, the entire pattern has a period of 40ms. 
If DeNB transmits the reconfiguration message at the sf#6 of SFN=5 and the new configuration is applied at sf#6 of SFN=6 (10ms after signaling), then misalignment will occur at sf#6 of SFN=6 since RN2 and RN4 are expecting the old value. Actually it can be noticed that the activation of new R-PDSCH starting symbol within a single period is very difficult in Figure 1. Two possible solutions can be thought of for this problem. Firstly, DeNB should delay the R-PDSCH allocation to RN2 and RN4 until all RNs are correctly aligned. Secondly DeNB should signal the reconfiguration of R-PDSCH starting time at only subframes where such problems can be avoided. However, both solutions seem to have tremendous impact on the flexibility of resource scheduling. 
In view of the above example, problems may come from the difference in backhaul allocation patterns between subframes within a single period. Therefore, in order to facilitate more flexible scheduling, it is better for DeNB to use the single radioframeAllocationPeriod for backhaul sub-frame allocation among as many RNs as possible. In case of delayed complete message of reconfiguration due to multiple HARQ NACKs, implicit activation time will take 16ms at least. And if HARQ RTT 8ms should also be considered for backhaul allocation, the appropriate value for radioframeAllocationPeriod would be n4(40ms). 
Proposal 3. All RNs have the same radioframeAllocationPeriod value for backhaul sub-frame allocation to facilitate the flexible resource scheduling.

[image: 그림11]Figure2.  An Example for Misalignment in R-PDSCH starting time 

Execution of implicit signaling 
So far we have suggested delayed activation of R-PDSCH starting time by implicit signaling with the same allocation period throughout all RNs. Basic rule for execution of implicit signaling is that the new R-PDSCH starting symbol will be continuously applied on every subframe to all RNs unless otherwise signaled. However, such an assumption may be harmful in some case. We will look into the possible shortcomings and think of an alternative mechanism for execution of implicit signaling.
In Figure 3 one of difficulties is illustrated when the new R-PDSCH starting symbol will be continuously applied in every subsequent backhaul sub-frame. All of 5 RNs are configured with allocation period of 10ms in this example. If DeNB has initiated the reconfiguration of R-PDSCH starting symbol for RN1,2,3 at sf#6 of SFN#4 and the new R-PDSCH starting symbol will be continuously applied in every subsequent backhaul sub-frame for RN1,2,3 after implicit activation time (sf#6 of SFN#5 in this example), then it is not possible for RN4 and RN5 to receive their R-PDSCH data at sf#1 of SFN#6 due to the starting time ambiguity. 
This problem can be resolved when subframe base signaling/activation scheme is applied. In this scheme every subframe can have different R-PDSCH starting time within a period. Thus, a specific R-PDSCH starting time is applied only at a specific subframe in every radioframeAllocationPeriod.
It was pointed out in [1] that there may be ambiguity regarding R-PDSCH starting time when changing of R-PDSCH starting symbol is initiated while some other RNs are processing D-SR failure or intra cell H/O procedure. 
Another difficulty arises when RNs in the process of D-SR failure. If D-SR failure by RN3 occurs at sf#3 of SFN#4 and RRC RRCConnectionReconfiguration message is sent with the old configuration at or after sf#6 of SFN#5 (activation time for the new R-PDSCH starting symbol in this example), then RRCConnectionReconfiguration message for RN3 can’t be transmitted to RN3 because of ambiguity.
One possible remedy for these problems is that DeNB is to delay the planned transmission of reconfiguration message (at sf#6 of SFN#4 in this example) once it detects a required intra Cell HO procedure (at sf#3 of SFN#4 in this example). However, DeNB may experience long delays and consequently suffers performance degradation especially when a number of such events are occurring continuously during a short period of time. 
[image: 그림12]
Figure 3. Ambiguity in case of RA procedure and Changing for the R-PDSCH starting symbol 

These problems can also be resolved with subframe base signaling/activation scheme. In the latter case (D-SR failure case),  RRCConnectionReconfiguration message for RN3 can be sent at sf#8 of SFN#5 where still the old R-PDSCH starting symbol is in use. 
Proposal 4: The new R-PDSCH starting symbol should be applied by subframe base in every radioframeAllocationPeriod.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _In-sequence_SDU_delivery]Conclusion
Proposal 1: Define a new IE that indicates the R-PDSCH starting symbol as RN-CommonSubframeConfig-IE in RRCConnectionRNReconfiguration message
Proposal 2: The implicit signalling for the activation time of new R-PDSCH starting symbol will be used. 
Proposal 3. All RNs have the same radioframeAllocationPeriod value for backhaul sub-frame allocation to facilitate the flexible resource scheduling.
Proposal 4: The new R-PDSCH starting symbol should be applied by subframe base in every radioframeAllocationPeriod.
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