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Discussion
1. Summary
The purpose of this contribution is to discuss avoidance and recovery mechanisms for the UL collisions that may occur between the Un (backhaul) and Uu (access link).
2. Introduction
Relaying is being examined as part to the LTE-A SI as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements [1] and has therefore been included in the LTE-Advanced TR [2].

Type I Relay was agreed to be included as one of the technology components for LTE-A. A Type-I Relay creates new cells, distinguishable and separate from the cells of the donor-eNB. To any legacy R8 UE, a Type I Relay will appear as an eNB, i.e. the presence of a Type I Relay in its communication path to the donor eNB is transparent to the UE. A Type I Relay node is essentially an eNB that has a wireless in-band backhaul link back to the donor eNB by using an LTE-A air interface within the IMT spectrum allocation.
It is one fundamental design principle of FDD-based in-band relaying that a Type I Relay Node cannot simultaneously transmit to a UE on the access link while receiving from the donor eNB on the backhaul link in the shared access/backhaul DL frequency channel, or receive from a UE on the access link while transmitting to the donor eNB on the shared access/backhaul UL frequency channel.
During RAN1#56 it has been agreed that MBSFN subframes can be used as a means to allow backward compatible implementation of Relaying [3] and in order to allow reserved subframes for donor eNB to RN transmissions on the DL frequency channel respecting the legacy R8 frame structure. However, MBSFN subframe allocation is limited to at most 6 subframes per frame and no MBSFN subframe can be configured in subframes #0, # 4, #5 and #9 in the case of frame structure type 1.
The purpose of this contribution is to discuss avoidance and recovery mechanisms for the UL collisions that may occur between the Un (backhaul link) and Uu (access link). Different access link (Uu) versus backhaul link (Un) collision scenarios that may occur, are described in Section 3. Section 4 presents mechanisms for collision avoidance as well as for collision recovery.
A brief summary is presented in Section 5, while conclusions and recommendations are provided in Section 6.
3. Collision Scenarios when R-PDCCH assigns resources in the same subframe

The collisions between UL access and UL backhaul may be grouped in the following main categories:

· Data to Data collision

· Data to ACK/NACK collision

· Data to Periodic Channel Status Report (CSR) collision

· ACK/NACK to ACK/NACK collision

· ACK/NACK  to CSR collision

· Periodic Channel Status Report to Channel Status Report (CSR to CSR) collision

· Collision with Schedule Requests (SR)
3.1. Data to Data Collisions
The data-to-data collision can occur under any of the following scenarios:

· The  RN transmit an UL grant on the PDCCH to the UE in subframe #n for the PUSCH data transmission in subframe #n+4 not (yet) knowing that the donor eNB has simultaneously scheduled an UL grant in subframe #n for the R-PUSCH data transmission in UL subframe #n+4, see Figure 3.1-a. This scenario occurs because with the current PDCCH to PDSCH timing (i.e. without R-PDCCH assigning DL and granting UL in one or more later subframes) the R-PDCCH is necessarily sent later, e.g. starting in the 3rd symbol earliest, than the R8 access link Control Region in subframe #n. When the donor eNB assigns backhaul resources to the RN through the R-PDCCH for this same subframe, the RN has already transmitted any UL grant to its UE’s through the PDCCH. Such a collision in UL sub-frame #n+4 will occur for all possible choices of admissible DL MBSFN subframes assignments to subframes #1, 2, 3, 6, 7, or 8.
· The RN transmit a NACK to the UE in subframe #n+4 in response to a data received in subframe #n which will trigger a PUSCH data retransmission by the UE in subframe #n+8. Simultaneously in subframe #n+4, the eNB sends to the RN an UL grant for R-PUSCH data transmission in UL subframe #n+8. See Figure 3.1-b. This scenario has been presented in [7].
· The RN transmit an UL grant on the PDCCH in subframe #n for an UL PUSCH data transmission in #subframe n+4 which collides with an R-PUSCH data transmission by the RN in the UL as a result of an earlier semi-persistent R-PUSCH UL grant awarded by the eNB. See Figure 3.1-c. 
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Figure 3.1-c
3.2. Data to ACK/NACK feedback Collisions
The data-to-ACK/NACK collision can occur under any of the following scenarios:
· The RN transmits an UL grant on the PDCCH valid for the access link to the UE in subframe #n not (yet) knowing that the donor eNB has simultaneously scheduled a DL data transmission on the R-PDSCH within the same subframe #n for the backhaul link. As discussed earlier, this scenario occurs because with the current PDCCH to PDSCH timing the R-PDCCH is necessarily sent later, e.g. starting in the 3rd symbol earliest, than the R8 access link Control Region in subframe #n. When the donor eNB assigns backhaul resources to the RN through the R-PDCCH for this same subframe, the RN has already transmitted any UL grant to its UE’s through the PDCCH. The RN is requested to transmit in UL subframe #n+4 an UL Ack/Nack corresponding to the R-PDSCH reception in subframe #n while the UE would transmit its assigned PUSCH on the access link in the same subframe, see Figure 3.2-a.

· The RN transmit a NACK to the UE in subframe #n+4 in response to a data received in subframe #n which will trigger a PUSCH data retransmission by the UE in subframe #n+8. Simultaneously in subframe #n+4, the eNB transmit an R-PDSCH data requiring the RN to transmit an ACK/NACK in UL subframe #n+8. See Figure 3.2-b.

· The RN transmit an UL grant on the PDCCH in subframe #n for an UL PUSCH data transmission in #subframe n+4 which collides with a repeated  UL ACK/NACK feedback  transmission by the RN resulting from an earlier (#n-1 or sooner) R-PDSCH data reception from the eNB. See Figure 3.2-c.

· This scenario is similar to the scenario described in the bullet above with the exception that the ACK/NACK repetition is transmitted on the access link i.e. between the UE and the RN while the data transmission (R-PUSCH) is happening on the backhaul link i.e. between the RN and the eNB. See Figure 3.2-d. This scenario has been presented in [7].
· The RN transmits a PDSCH data in subframe #n. This requires the UE to transmit an ACK/NACK feedback in subframe #n+4. The reception of the ACK/NACK feedback in subframe #n+4 by the RN collides with an R-PUSCH data transmission by the RN in the UL as a result of an earlier semi-persistent R-PUSCH UL grant awarded by the eNB. See Figure 3.2-e

· The sixth data-to-ACK/NACK collision occurs when the reception by the RN of a repeated ACK/NACK in the access link collide with the transmission by the RN of an R-PUSCH data as a result of an earlier semi-persistent R-PUSCH UL grant awarded by the eNB. See Figure 3.2-f.
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Figure 3.2-f
3.3. Data to CSR Collisions

The data-to-CSR collision can occur under any of the following scenarios:
· The eNB transmit an UL grant on the R-PDCCH in subframe #n for an R-PUSCH data transmission by the RN in #subframe n+4 which collides with the reception of a periodic CSR from the UE in sub frame #n+4.  See Figure 3.3-a.
· An R-PUSCH data transmission by the RN as a result of an earlier semi-persistent UL grant (R-PUSCH grant) awarded by the eNB collides with the reception of a periodic CSR from the UE in sub frame #n+4.  See Figure 3.3-b

· The scenario depicted in Figure 3.3-c is a mirror image of the scenario depicted in Figure 3.3-a. The periodic CSR is transmitted on the backhaul link while the UL data (PUSCH) transmission is taking place on the access link.
· Similarly, the scenario depicted in Figure 3.3-d is a mirror image of the scenario depicted in Figure 3.3-b. The periodic CSR is transmitted on the backhaul link while the UL data (PUSCH) transmission is taking place on the access link.
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3.4. ACK/NACK to ACK/NACK Collisions

The main ACK/NACK to ACK/NACK collision scenario (Figure 3.4-a) occurs when the reception of a repeated ACK/NACK from the UE collides with the transmission by the RN of a repeated ACK/NACK to the eNB. We also presented in Figure 3.4-b and Figure3.4-c two other scenarios which don’t qualify as collision scenarios due to the fact that in any given subframe  the R-PDCCH is transmitted in later symbols of a the subframe in comparison to the symbols used for PDCCH transmission on the access link. The relay could therefore transmit on the PDCCH in the access link and switch on time for the reception of the R-PDCCH on the backhaul link.
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Figure 3.4-a
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Figure 3.4-c
3.5. ACK/NACK to CSR Collisions

The ACK/NACK-to-CSR collision can occur under any of the following scenarios:

· The reception by the RN in subframe #n+4 of an ACK/NACK feedback (resulting from a PDSCH data transmitted in subframe #n to the UE) collides with the transmission of a periodic CSR by the RN to the eNB in subframe #n+4. See Figure 3.5-a. 
· The scenario illustrated in Figure 3.5-b is a mirror image of the scenario depicted in Figure 3.5-a. I n this case, the reception of a periodic CSR by the RN on the access link collides with the transmission of an ACK/NACK feedback in subframe #n+4 resulting from an earlier reception of a PDSCH data by the RN in subframe #n.

· Another scenario of an ACK/NACK to CSR collision is illustrated in Figure 3.5-c. In this case, the transmission of a periodic CSR (in the UL backhaul) by the RN collides with the reception of a repeated ACK/NACK from the UE.

· The Figure 3.5-d illustrates a mirror image scenario of the scenario illustrated in Figure 3.5-c. The reception by the RN of a periodic CSR transmitted by the UE collides with the transmission by the RN of a repeated ACK/NACK feedback on the backhaul. 
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3.6. CSR to CSR Collisions

The CRS to CSR collision occur when the reception by the RN of a periodic CSR from the UE collides with the transmission of a periodic CSR on the backhaul link to the eNB. See Figure 3.6-a. 
Further complications arise out of the multiplexing of several types of signalling information on the PUCCH or R-PUCCH channels. Figure 3.6-b illustrates one of such scenarios.
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Figure 3.6-b
3.7. Collisions with Scheduling Requests

In light of all the scenarios described in the sections above, it is also possible for the Scheduling Request (SR) reception by the RN on the access link to collide with the transmission of R-PUSCH or R-PUCCH one the backhaul link. As discussed in section 4.2.3, the lost of SR only has consequences if missing the SR further delays the UL transmission, which would not be the case if there is already a significant amount of data in the UL buffer of the RN, since no further delay would be introduced. 

We should note that with the respect to the SR transmission on the backhaul link, the RN has a better control with simple scheduling decisions on avoiding the transmission of the SR on the backhaul link that could collide with the reception of PUCH or PUCCH. 
4. Uu/Un Collision Avoidance and Collision Recovery Alternatives
In this section we discuss methods that may be used to avoid collisions and methods that may be used to recover from collisions. These methods can be used as standalone methods or in combination with each other. In following sections we identify the advantages and disadvantages of each method, and make some recommendations in when it makes the most sense to apply each method.
4.1.  Subframe Partitioning Between the Uu and Un Interfaces
One way to address the collision scenarios described in Figure 3.1-a and Figure 3.2-a is to force a separation of UL transmissions based on the admissible MBSFN subframe configuration for the Uu and Un interfaces.

One example would be,

· On the Un (donor eNB from/to RN): set the MBSFN allocation to subframes #2, #3, #6 and #7, using the 1 frame MBSFN pattern (i.e. the MBSFN sub-frame allocation pattern is the same for each frame).

· On the Uu (RN from/to UE): only use subframes #0,# 1, #4, #5, #8 and #9. In addition, subframes #8 and #9 would be barred for initial UE UL grants by the RN since feedback at sub-frame #n+4 would collide with the sub-frames reserved for the Un>.

This solution separates the majority of access and backhaul sub-frames for collision avoidance. Note that by not sending UL grants to the UE in sub-frames #8 and #9, backwards compatibility for R8 UEs can be maintained. This is because UL grants sent by the RN to the UE in sub-frames #0 and #1 will trigger UL PUSCH transmission on the access link in allowed (“n+4”) access link subframes #4 and #5 respectively (which would not be the case with initial transmissions in subframes #8 and #9). It should be noted that the above solution requires more changes than simply barring sub-frames #8 and #9 for initial UE UL grants from the RN. For example, PDSCH transmissions on backhaul in sub-frames #6 and #7 would normally require ACK/NACK feedback in sub-frames #0 and #1, respectively. Since sub-frames #0 and #1 are reserved for the access link, the UL ACK/NACK feedback on the Un interface would be transmitted in the first available sub-frame, which is #2. Another example is a PDSCH transmission on Uu in sub-frames #8 and #9. This would require UL ACK/NACK feedback from the relay-UE to the RN in sub-frames #2 and #3, which are reserved for backhaul. The issues described previously occur mainly because an MBSFN pattern of 1 frame leads to the mismatch between the periodicity of the MBSFN pattern (10 sub-frames) and the periodicity of the UL & DL HARQ processes (8 sub-frames). This will inevitably lead to access / backhaul collisions. However, choosing MBSFN pattern lengths of 4 frames enables defining MBSFN DL backhaul configurations that minimize the UL access / backhaul collisions, as explained below.
Another way to address the collision scenarios is to define configurations of access and backhaul sub-frames that are selected to minimize the number of Uu UL HARQ processes that collide with UL Un transmissions. This can be achieved by using a 4 frame MBSFN pattern, with uneven allocation of the MBSFN sub-frames across the 4 frames. For example, using sub-frame #1 of frame #0, sub-frame #7 of frame #1 and sub-frame #3 of frame #3 for DL backhaul, results in Uu UL HARQ process #5 being blocked 3 times in every 40ms (see Refs. [8] and [9]), while the other UL HARQ processes are contention free. Note that this example only uses up to one sub-frame per frame for DL backhaul (Figure 9). 
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Figure 4‑1 Example of uneven MBSFN sub-frame allocation (3 DL backhaul sub-frames in 4 frames)
Several basic configurations may be combined to provide more bandwidth for DL backhaul, as indicated in [9] and shown in Figure 10. 
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Figure 4‑2 Example of uneven MBSFN sub-frame allocation (6 DL backhaul sub-frames in 4 frames)
When 4 basic configurations are combined to provide 3 or 4 sub-frames per frame for DL backhaul, the two solutions presented in this section (i.e. the solution that separates the majority of access subframes from the backhaul subframes versus the solution built upon a combination of basic subsets of access link & backhaul link configurations) may become similar. 

The advantage of these solutions is network operation is deterministic. Transmission opportunities are known and undisturbed by transmissions on the other interface. But this comes at the cost of trunking inefficiency. When the Un or Uu interface does not use all allowed transmission opportunities the other interface cannot take advantage of the opportunities. 
Proposal 1: Consider specifying subframe partitioning rules between the Uu and Un interfaces in order to minimize UL transmission collisions.
4.2. Prioritizing Transmissions

One method to avoid Uu/Un UL collisions is for the RN to prioritize between Uu and Un transmissions so that collisions are avoided. The RN may use knowledge of when Uu and Un collisions are expected to make intelligent scheduling/prioritization decisions and/or use HARQ feedback in order to avoid UL transmissions on both the Uu and Un in the same subframe.
In the following subsections we describe several options the RN may utilize to prioritize either Uu or Un transmissions to avoid or at least minimize UL collisions. As will be discussed further these mechanisms are not mutually exclusive, which allows the RN to intelligently choose when to apply each method.
4.2.1. Prioritizing Un over Uu Transmissions
The RN could choose to prioritize Un over Uu transmissions so that R-PUSCH or any UL HARQ feedback transmission on the Un takes precedence when data-to-data collisions in Figure 3.1-a, Figure 3.1-b, data-to-ACK/NACK collisions in Figure 3.2-a, Figure 3.2-b,  Figure 3.2-d, Figure 3.2-e, Figure 3.2-f, data-to-CSR collisions in Figure 3.3-a, Figure 3.3-b, ACK/NACK-to-ACK/NACK collisions in Figure 3.4-a, ACK/NACK-to-CSR collision in Figure 3.5b, Figure 3.5d occur. In this case, the RN would still need to deal with the missed access link UL transmissions by the UE.
In the case of data to data collision or data to ACK/NACK collisions illustrated in Figure 3.1-a, Figure 3.1-b,  Figure 3.2-a, Figure 3.2-b, one method that can be used to achieve this is by using HARQ feedback signalling on the Uu interface. In [5] it has been considered to use HARQ NACK and in [8] it has been considered to use HARQ ACK to control if and when UL retransmissions over the Uu will occur.

When the RN sends a NACK on PHICH in DL subframe #n+8 to the UE to force re-transmission of the transport block that was lost by the RN due to the collision in sub-frame #n+4, the UE will interpret this is a single bit non-adaptive re-transmission scheduling grant. The UE will increase the RV setting to next RV in the sequence, and it may not transmit the systematic bits if the lost PUSCH in UL subframe #n+4 contained RV 0.  Another problem with this approach is the UL SCH transmission over the Un may also have failed and the donor eNB also responded with HARQ NACK. The probability of this occurring may be increased due to interference from the UL SCH transmission over the Uu. When this occurs due to synchronous UL HARQ the same problem occurs on the Uu & Un synchronized HARQ retransmissions.
When the RN sends an ACK on PHICH in DL subframe #n+8, the UE will decode the following UL grant in the PDCCH and decode the NDI to determine if a new TB is to be transmitted, and if not, which RV setting is to be used for the re-transmission. An advantage of this approach is the HARQ ACK may be used to delay the HARQ process retransmission and avoid subsequent Uu/Un UL transmission collisions.
This will result in the following UE operation:

The UE will not flush its internal buffer, and will not automatically perform a re-transmission. Instead, the UE will wait for the next UL grant, which is signalled in the PDCCH from RN using DCI format 0. The RN will configure the NDI bit in the UL grant for a re-transmission, and may also configure the MCS as per the current channel condition, thus possibly performing adaptive re-transmission. The RN is in control of the uplink grant schedule and can accomplish the adaptive re-transmission while maintaining the same timing for both the PHICH and the PDCCH channels. 
In summary, the “always ACK” approach has two benefits compared to the “always NACK” approach, namely:

· Flexibility in scheduling the re-transmission of the transport block missed by the RN in sub-frame #n+4

· Allows performing adaptive re-transmission (i.e. with a potentially different MCS as compared to the initial transmission).

It should be noted that upon scheduling the re-transmission, the RN needs to set the RV to 0 (as for a new transmission) in PDCCH format 0, in order to prioritize the systematic bits over the parity bits of the code word. 

The always ACK followed by the adaptive HARQ retransmission approach addresses protocol behaviour for the collision scenarios depicted in Figure 3.1-a, Figure 3.2-a and Figure 3.4-b. In addition for the instances where a TTI bundling is configured, the relay could possibly receive the data at the next TTI in which case, the RN might not ask for a retransmission.
Proposal 2: If it is chosen to prioritize Un over Uu transmissions “RN always ACK” is the preferred solution when a Uu PUSCH transmission occurs at the same time as a Un UL HARQ feedback or PUSCH transmission.
4.2.2. Prioritizing Uu over Un Transmissions
The RN could choose to prioritize Uu over Un transmissions so that PUSCH or PUCCH transmission on the Uu takes precedence when the collision scenarios in Figure 3.1-a, Figure 3.1-b, Figure 3.1-c, Figure 3.2-a, Figure 3.2-b, Figure 3.2-c, Figure 3.2-e, Figure 3.3-c and Figure 3.3-d, Figure 3.4-a, Figure 3.5-a and Figure 3.5-c, Figure 3.6-a and Figure 3.6-b occur.
One method that can be used to achieve this is for the RN to choose not to transmit R-PUSCH even when an UL grant is available on the Un, or not send HARQ feedback (i.e. DTX feedback) or periodic CSR on the Un in subframe n+4. These alternatives will allow PUSCH or PUCCH transmissions on the Uu to succeed by eliminating the interfering UL transmissions on the Un.  
Proposal 3: If it is chosen to prioritize Uu over Un transmissions the RN will DTX R-PUSCH, UL HARQ feedback and CSR on the Un.
4.2.3. When to Prioritize Uu or Un Transmissions

The RN has the choice of when to prioritize Uu or Un transmissions. Depending on the scenario the RN may choose to prioritize either the Uu or Un. To help with the decision of the relative priority of the interfaces, one needs first to evaluate the cost of each UL collision.  As an example, the collisions where the Uu UL data is lost by the RN (due to the RN transmitting in UL on Un) are costly, because they result in increased power consumption at the R-UE, interference created by the R-UE UL data transmission, as well as wasted bandwidth on the Uu. 
Another  example is when Uu PUCCH transmissions collide with either Un PUSCH or Un UL HARQ feedback (Figure 3.3-a, Figure 3.3-b, Figure 3.5-b), the PUCCH may be considered a lower priority since missing some CQI/PMI/RI reports will likely not have much effect on overall performance. One concern may be the lost of Scheduling Requests but this only has consequences if missing the SR further delays the UL transmission, which would not be the case if there is already a significant amount of data in the UL buffer of the RN, since no further delay would be introduced. 
For this case the RN may choose to transmit R-PUSCH or UL HARQ feedback on the Un and failing PUCCH transmissions on the Uu (Figure 3.3-a, Figure 3.3-b, Figure 3.5-b). 
Similarly the RN may choose to DTX PUCCH CQI/RI/PMI transmissions on the Un so that PUSCH transmissions on the Uu succeed (Figure 3.3-c, Figure 3.3-d). In this case, there is the concern of losing the SR this time on the Un when PUCCH is DTX but missing the SR on Un has serious consequences if the UL buffer in RN is near to overflow situation. Moreover in the case of a significant amount of data already stored in the UL buffer of the eNB, there will be no additional delay/latency introduced as a result of prioritizing PUSCH over R-PUCCH. Moreover, as discussed in section 3.7, the RN has a better control with simple scheduling decisions on avoiding the transmission of the SR on the backhaul link that could collide with the reception of PUSCH (Figure 3.3-c, Figure 3.3-d) or PUCCH CAN/NACK feedback (Figure 3.5-a, Figure 5.5-c).
Proposal 4: The RN may choose to prioritize PUSCH and UL HARQ feedback over PUCCH transmissions on either the Uu or Un.

Another case to consider is when simultaneous PUSCH transmissions occur on both the Uu and Un (Figure 3.1-a, Figure 3.1-b and Figure 3.1-c). In this case it is not obvious whether to prioritize either the Uu or Un transmission. One decision criteria could be the current UL data buffering in the RN. 

When a large amount of UL data is buffered in the RN it is not important to receive the Uu PUSCH transmission as soon as possible. It would just be added to the RN UL buffer. In this case the Un transmission should be prioritized over the Uu by the RN by transmitting the R-PUSCH over the Un and failing the Uu PUSCH transmission. When a small amount of UL data is buffered in the RN, the BSR sent to the donor eNB are equivalently small resulting in reduced UL grants or underutilized grants. In this case the Uu transmission should be prioritized over the Un by the RN by DTX of the R-PUSCH transmission on the Un. 
For the collision scenarios illustrated in section 3.2 (data-to-ACK/NACK collisions) the trade-off is either:

1. Between an access link UL re-transmission of data (by the R-UE) if the Un interface is prioritized versus a backhaul DL re-transmission of data by the eNB to the RN if the Uu interface is prioritized. See Figure 3.2-a, Figure 3.2-b and Figure 3.2-c. 
2. Or between an access DL re-transmission of data (by the RN) if the Un interface is prioritized versus a backhaul UL re-transmission of data by the RN to the eNB if the Uu interface is prioritized. See Figure 3.2-d, Figure 3.2-e and Figure 3.2-f.
· For these scenarios (section 3.2), the relative priority of Uu versus Un could be determined based on the following considerations:

· 
Let’s denote ρ the ratio of the DL spectrum efficiency to the UL spectrum efficiency. Assuming 5bits/s/Hz in DL versus 3.75bits/s/Hz in UL for LTE Rel 8, the ratio ρ will be roughly 1.33. Let’s denote β the ratio of the DL bandwidth to the UL bandwidth available for data transmission calculated as the min (between backhaul and access links) DL bandwidth divided by the min (between backhaul and access links) UL bandwidth. The ratio of the DL transmission capacity to the UL transmission capacity is given by the product ρ*β. The ratios between the aggregate sizes of the content of DL Un interface buffers (buffer occupancies) for a given QoS level versus the aggregate UL Uu interface buffers for the same QOS level should be targeted to equate the product ρ*β. Similarly, The ratios between the aggregate sizes of the content of UL Un interface buffers (buffer occupancies) for a given QoS level versus the aggregate DL Uu interface buffers for the same QOS level should be targeted to equate the product ρ*β. Prioritization of Uu versus Un should be set accordingly.

· For data with different transmission priority level (latency/QoS), the buffer with the least anticipated waiting time for the newly added data should drive the interface priority decision.
Since this mechanism described above is an approximation and may not always provide the optimal target ratio, an additional mechanism is needed. 
This can be based on the amount of data stored in the UL and the DL buffers at the RN, as well as on the latency requirements for the data in the buffers, as follows for the scenarios described in Figure 3.2-a, Figure 3.2-b and Figure 3.2-c.:

· the RN should prioritize the Uu over Un if the RN UL buffers do not have enough data to support UL grants over the Un.

· the RN should prioritize the Un over Uu if the RN DL buffers do not have enough data to support DL grants over the Uu.

· Alternatively or if both the above conditions are true, the RN may determine the relative priority based on other QoS metrics such as latency.
In the case of ACK/NACK repetition, Figure 3-2d and Figure 3.2-f, it might be preferable to prioritize the transmission of the R-PUSCH on Un interface especially the missed occurrence of the ACK/NACK is not the last instance of the ACK/NACK repetition. 
Proposal 5: The RN should be able to dynamically choose to prioritize either Uu or Un transmissions depending of the type of data-to-data or data-to-ACK/NACK collision.
4.3. Advance Un Scheduling

During RAN1#57, the principles of access link DL and backhaul link DL subframe boundary alignment and semi-static assignment of time-domain resources for the DL backhaul link have been accepted (Ref. [4]). Introduction of R-PDSCH, R-PUSCH and R-PDCCH has been agreed. In addition a working assumption “R-PDCCH is used to assign DL resources in the same subframe and/or in one or more later subframes” has been agreed. One way this decision could be realized is DL resources may be assigned in just “later subframes” and not in the current subframe and possibly immediately following subframes. This would allow for the RN to receive and process the R-PDCCH before scheduling decisions on the Uu PDCCH are determined.
References [10] and [11] discuss the benefits of having the UL backhaul sub-frames known in advance by the RN. This may be achieved either implicitly (based on the location of the DL backhaul sub-frames), or explicitly. The explicit signalling of the UL backhaul sub-frames may result in a delay d between the R-PDCCH that carries the grant and the R-PUSCH, where d > 4 (in the current HARQ timing, it is well known that d=4).If the RN knows of DL assignments or for UL grants on the Un issued by the donor eNB “ahead of time” this can be taken in to consideration while scheduling the access link resources to avoid collisions. At the cost of a various level of trunk inefficiency, most of the collision described in this document can be avoided if the RN is aware of the DL assignments or for UL grants on the Un issued by the donor eNB “ahead of time”. As an example, the collision illustrated in Figure 3.2-e can be avoided by proper scheduling of DL data transmissions on Uu. The RN knows before sending the PDCCH on the Uu to the UEs in DL subframe #n if a scheduling conflict will occur in UL subframe #n+4. This is because the RN can learn of a possible conflict from R-PDCCH received on the Un not later than subframe #n-1. Thus the RN can avoid sending PUSCH grants to the Uu that would cause UL transmission collisions. 

For example regarding the collision illustrated in Figure 3.2-e, the preferred way is to avoid it by proper scheduling on the Uu interface, as explained previously. If scheduling constraints do not allow it, then prioritizing either Un R-PUSCH data or Uu UL ACK/NACK feedback may be done using the mechanisms described in Section 4.2.3.

One way to interpreting the delay i.e. the heads-up notification to the RN by the donor eNB of the DL or UL resource grant decisions is to handle the heads-up notification time lag as a HARQ timing offset relative to the subframe #n. See Figure 4-3. Basically an R-PDCCH received in subframe #n with a grant for R-PDSCH should include a DL HARQ Timing offset (expressed in number of subframe) relative to subframe #n to indicate the DL HARQ timing starting subframe as well as the subframe (initial subframe) in which the allocated DL R-PDSCH resource is valid. The offset is 0 if the resource assignment is valid at subframe #n. Similarly, an R-PDCCH received in subframe #n with a grant for R-PUSCH should include a UL HARQ Timing offset relative to the subframe #n which indicates the UL HARQ timing starting subframe as well as the additional subframes with respect to 4 subframes used in LTE release 8 in which the allocated grant is valid. Offset is 0 if the resource assignment is valid at subframe #n+4. We should note that the R-PDCCH delay relative to subframe #n (HARQ timing offset which translates eventually into an absolute delay of the R-PDCCH to R-PDSCH/R-PUSCH) will likely be greater than one in order to make Uu scheduling decisions that avoid UL transmission collisions.
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Figure 4‑3: Illustration of UL or DL Resource Grant by the ENB with a HARQ Timing Offset
In this approach, the basic assumption is that the current Rel 8 LTE 8 subframes periodicity and the maximum allowed number of HARQ process must be kept for HARQ operation on Un interface. The offset is then playing the role of a timeline translation shifting the HARQ timeline in the time domain with respect to the subframe #n. With this interpretation of the delay, there is no increase in the number of HARQ processes and the period between two consecutive transmissions in case of retransmission remains 8 subframes. However, the period between two new transmissions on the same HARQ process will increase by the HARQ timing offset. Given the fact that the number of HARQ in comparison to LTE Rel 8 didn’t change there will consequently be some loss of transmission opportunities. We should remark that the UL synchronous HARQ operation is maintained and so does the deterministic relationship between the HARQ process number in the UL versus the UL frame number. We should also note that all the solutions (presented in various tdocs) to avoiding UL transmission collisions between access link and backhaul link recognised the fact that there will be always some loss of transmission opportunities given the LTE rel 8 HARQ operations rules. One advantage of introducing a delay i.e. a head-up notification by the eNB to the RN of Un interface scheduling grant decisions is the ability to take advantage of the fact that there will be loss of transmission opportunity no matter the solution adopted, to make smart resource scheduling decisions (on the access link) which anticipate potential conflicts and avoid them. Virtually all other class of solutions suffer loss of transmission opportunities but fail to turn these losses of transmission opportunities into an opportunity for a better access link schedule decision by the RN.
Proposal 6: Consideration should be given to the introduction of R-PDCCH to R-PUSCH/R-PDSCH delay to enable advance Un scheduling information to be available at the RN.
To avoid losing transmission opportunities, the alternative is to increase the HARQ process and the HARQ RTT between retransmissions (on the same HARQ process) i.e. change to the Un HARQ timing relationships from release 8 operation. 
The timing offset i.e. the delay or the head-up notification by the eNB to the Relay should be equal to or slightly greater than the delay requirement needed for RN reception of the R-PDCCH and processing of the UL grant (and DL grant) scheduling information before RN scheduling decisions on the Uu. One example would be to introduce a 2 subframes R-PDCCH to R-PUSCH (additional) delay which would result in a HARQ RTT of 10ms and increasing the number of HARQ processes from 8 to 10, which is illustrated in Figure 4‑4. It should be noted that a delay of 2 subframes would result in a modulo 10 operation of the HARQ, which would match the 1-frame MBSFN pattern periodicity.
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Figure 4‑4 Un DL HARQ example for a 2 ms delay between R-PDCCH and R-PDSCH
The advantage of the R-PDCCH to R-PUSCH delay approach is all UL collisions could be avoided while maintaining the highest level of Un and Un resource utilization. However in order to avoid loses of transmission opportunities, there will be no choice to avoid a change from the R8 baseline given that otherwise in-band Relaying cannot support full Un usage within the constraints given by the R8 LTE air interface.
It should be noted that the delay must be chosen as a trade-off between the following constraints:

· Keeping the number of HARQ processes low so the amount of soft memory required at the receiver is minimized and the number of bits to signal the HARQ process number does not increase significantly. One possible choice to limit the signalling bits would be to limit the number of HARQ processes to 16, which results in an increase from 3 to 4 bits to represent the HARQ process number. This puts an upper bound for the delay of 8 ms (sub-frames).

· A larger value of the delay may be needed to allow the RN to benefit from the advance notice and properly schedule the R-UEs on the access link.
Proposal 7: To avoid losing transmission opportunities, consideration should be given to increasing the number of HARQ processes and the HARQ RTT.
Note: We should point out that the advance scheduling solution class described in this section (with the introduction of delay/HARQ timing offset) provide a framework to the RN to avoid first transmission collisions but doesn’t necessarily help in avoiding collision due to retransmissions. Obviously some of the collisions due to retransmissions can be anticipated and be avoided but at the cost of a greater trucking inefficiency.  For instance, using the semi-static MBSFN subframe allocation information communicated to the RN by the eNB, the RN as oppose to relying on dynamic resource grant information from the eNB, can makes the decision to blank the UL subframes m-8k (k=1,2,3,…) for R-UEs (relay UEs) transmission in advance where m is a backhaul subframe. This is equivalent to systematically preventing all MBSFN subframes semi-statically assigned for backhaul link transmission from being used on DL access link. As noted in [7], this strategy might avoid collisions due to retransmissions but brings a serious waste of resources on the access link and is not practical. For a poor channel conditions of access link between RN and R-UE, this problem may get worse when the probability of R-UE UL retransmission increases.
5. 
Summary
One immediate consequence of DL assignments on the R-PDCCH for R-PDSCH carried in one or more later subframes is that the backhaul link (Un) HARQ timing relationships will need to deviate from those of R8 unless some minimum loss of transmission opportunities is acceptable. While this will inevitably result in additional protocol design, there is no choice to avoid a change from the R8 baseline, given that otherwise in-band Relaying cannot support full Un usage within the constraints given by the R8 LTE air interface. However, we propose that the set of possibilities to R-PDCCH assignments is restricted to well-defined set of specific cases, such as for example, “R-PDCCH in subframe #n can assign R-PDSCH for either DL subframes #n and #n+1and can assign R-PUSCH in UL subframes #n+4 and #n+5”. We also proposed the usage of R-PDCCH to R-PUSCH/R-PDSCH delay to be treated as a HARQ timing offset to enable advance Un scheduling information to be available at the RN. 
In order to support R-PDCCH DL assignments for the same subframe, we recommend that some form of deterministic protocol behaviour should be standardized for the Un to deal with the case of conflicting PDCCH and R-PDCCH assignments, e.g. whether the RN must prioritize any received R-PDCCH assignments on the Un and issue ACK’s to the UE.
While it is acknowledged that any form of Uu/Un subframe allocation partitioning results in trunking efficiency issues, e.g. due to available data or scheduling constraints resources not used on the Un cannot be reused for Uu transmissions (and vice versa), such a solution will result in deterministic behaviour with respect to RN implementation and end-to-end RLC performance since collisions and RLC recovery will be avoided. For this alternative we propose that the possibility of introducing several pre-determined Uu/Un subframe allocation patterns with varying degree of Uu/Un asymmetries based on admissible MBSFN subframes should be considered (Ref. [8] and [9]).
6. 
Conclusions and Recommendations

This contribution presented an extensive list of conflicts that may occur between the UL backhaul and the UL access links as a result of the mechanism to support DL backhaul for Type I relays ([2], [3], [4]). It also identified main classes of solutions for collision avoidance and/or collision recovery. These solution classes are summarized in Table 1, together with a brief description of the advantages and disadvantages of each.

Table 1 Summary of collision avoidance / recovery mechanisms
	
	Advantages
	Disadvantages

	Subframe Partitioning
	Deterministic operation

Least complex
	Least efficient use of transmission opportunities

	Prioritizing Uu/Un
	More efficient use of transmission opportunities
	Less deterministic operation

More complex scheduler for the RN 

	Advance Un scheduling
	Provide framework for RN to avoid UL collisions on the new transmissions (data-versus-data and data-versus ACK/NACK). 
Most efficient use of resources
	Rework of HARQ and possibly scheduling timing relationships in order to avoid loss of transmission opportunities 


The choices of each solution are not mutually exclusive. Solutions could be used in conjunction with each other. 

For example, the sub-frame partitioning method can be used in conjunction with the prioritization method. More specifically, if one of the Uu UL HARQ processes that are blocked part of the time (for details, refer to [8] and [9]) needs to be used, then appropriate Uu/Un interface prioritizing techniques can be used to handle the collisions.

Alternately, the advance Un scheduling can be used to avoid collisions on the first transmission, and if collisions occur on re-transmissions, then the Uu/Un interface prioritizing methods described in Section 4.2.3 may be used.
It is noted that the combination of the sub-frame partitioning and the Uu/Un prioritization method has the least impact on the standardization efforts, and as such it is the preferred approach. Advance Un scheduling may provide the most efficient use of resources and thus the best performance, but in order to get all access opportunities, its impact on the HARQ needs to be studied first.

We propose the following:

Proposal 1: Consider specifying subframe partitioning rules between the Uu and Un interfaces in order to minimize UL transmission collisions
Proposal 2: If it is chosen to prioritize Un over Uu transmissions “RN always ACK” is the preferred solution when a Uu PUSCH transmission occurs at the same time as a Un UL HARQ feedback or PUSCH transmission.
Proposal 3: If it is chosen to prioritize Uu over Un transmissions the RN will DTX R-PUSCH and UL HARQ feedback on the Un when PUSCH transmissions have been granted in advance on the Uu interface.
Proposal 4: The RN may choose to prioritize to prioritize PUSCH and UL HARQ feedback over PUCCH transmissions on either the Uu or Un.

Proposal 5: The RN should be able to dynamically choose to prioritize either Uu or Un transmissions depending of the type of UL transmission.
Proposal 6: Consideration should be given to the introduction of R-PDCCH to R-PUSCH/R-PDSCH delay to enable advance Un scheduling information to be available at the RN.
Proposal 7: To avoid losing transmission opportunities, consideration should be given to increasing the number of HARQ processes and the HARQ RTT.

7. References

[1] 3GPP TR 36.913 V8.0.1, Requirements for further advancements for E-UTRA (LTE-Advanced) (Release 8)
[2] 3GPP TR 36.814 V1.1.0; Further Advancements for E-UTRA Physical Layer Aspects (Release 9)
[3] R1-090906, Text proposal for TR36.814 on backhaul for relays, 3GPP TSG RAN1  Meeting #56, Athens, Greece, February 9 – 13, 2009
[4] R1-092249, Nokia, NSN, Ericsson, Motorola et. al., Text proposal on backhaul resource assignment, 3GPP TSG RAN1 #57, San Francisco, USA, May 4 – 8, 2009
[5] R2-093123, Research In Motion, “DL HARQ operation over the Un and Uu interfaces”, 3GPP TSG RAN WG2 Meeting #66, San Francisco, USA, May 4 – 8, 2009
[6] R1-092169, Motorola, “Optimization of Resource Assignment for Uplink Backhaul”, 3GPP TSG RAN1 #57, San Francisco, USA, May 4 – 8, 2009
[7] R1-092470, ZTE, “Consideration on UL Access Link in LTE-A FDD system”, 3GPP TSG RAN1 #57b, Los Angeles, US, Jun 29 – Jul 3, 2009
[8] R1-090331, Motorola, “Frame Structure and Signalling to Support Relay Operation”, 3GPP TSG RAN WG1 #55b, Ljubljana, Slovenia, January 12 – 16, 2009.
[9] R1-091807, Huawei, “Consideration on FDD Type 1 Relay Frame Structure”, 3GPP TSG RAN WG1 #57, San Francisco, USA, May 4-8, 2009.
[10] R1-091989, CATT, CMCC, Potevio, “DL and UL Backhaul Subframe Allocation for Type I Relay in LTE-A”,3GPP TSG RAN WG1 #57, San Francisco, USA, May 4-8, 2009.

[11] R1-092779, CATT, CMCC, Huawei, RITT, Potevio, ZTE, “UL Backhaul Subframe for Type I Relay in LTE-A”,  3GPP TSG RAN1 #57b, Los Angeles, US, Jun 29 – Jul 3, 2009









Page 1 of 1

_1311932698.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


ACK/NACK
(repetition)


R-PUSCH data
(semi-persistent sched)



_1311932771.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


PUSCH: data
(semi-persistent sched)



_1311933280.vsd
text


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


PDCCH: UL grant


ACK/NACK
(repetition)


ACK/NACK



_1311933318.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


CSR



_1311933360.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


CSR


A/N, CSR



_1311936097.vsd
text


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


NACK


R-PDSCH: Data


ACK/NACK


PUSCH data


PUSCH Data



_1312035632.vsd
The height of the text box and its associated line increases or decreases as you add text. To change the width of the comment, drag  the side handle.


text


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


Un-UL Synchronous HARQ Operation Breakdown Scenario 1: possible for n = 1,2,6,7


Note: Breakdown is due to gaps within MBSFN subframes configuration on Un-DN


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDCCH: UL grant


CSR


PUSCH: data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


PUSCH: data


PDCCH: UL grant


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


CSR


ACK/NACK


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


ACK/NACK


CSR


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


ACK/NACK


R-PUSCH data


R-PDCCH: UL grant


PDSCH
Data


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


R-PUSCH data


PUSCH data


ACK/NACK


R-PDCCH: UL grant


PUSCH
Data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


n


n+1


n+2


n+3


Ack/Nack
(If repetition)


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


Ack/Nack
(If repetition)


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


CSR


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


n


n+1


PDCCH: UL grant


n+2


n+3


A/N
(repetition)


PHICH: A/N


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


R-PUSCH data


R-PDCCH: UL grant


PDCCH: UL grant


Backhaul PHICH: A/N


PHICH: A/N


n+4


n+5


eNB


...


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


R-PUSCH: data
(semi-persistent sched)


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


CSR


PUSCH: data
(semi-persistent sched)


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PUSCH data


R-PUSCH data
Semi-persistent sched


PDCCH: UL grant


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


CSR


n


n+2


n+6


n+10


n


n+6


n+10


RN


eNodeB


Un Interface


Received R-PUSCH 


R-PHICH Transmit ACK/NACK


HARQ Timing Starting Point


UL R-PUSCH Transmission at n+6


ACK/NACK reception


R-PDCCH Transmit UL grant


UL grant with R-PDCCH @ subframe n and HARQ Timing Offset = 2



n


n+2


n+6


n+10


n


n+2


n+6


n+10


RN


eNodeB


Un Interface


Received ACK/NACK 


Retransmit Data @n+10 or n+14 or later


Received Data on R-PDSCH


Transmit ACK/NACK


Rx DL resource assignmentt with R-PDCCH @ subframe n and HARQ Timing Offset = 2



Transmit Data on R-PDSCH


Uplink Grant with HARQ Timing Offset = 2


Downlink Grant with HARQ Timing Offset = 2


Tx DL resource Assignment  with R-PDCCH @ subframe n and HARQ Timing Offset = 2



eNodeB


Relay


UE


Data at subframe n


Feedback at subframe n+4


Data at subframe n+4


PDCCH at subframe n:
UL Grant


Relay


eNodeB


UE


Data at frame n+4


Motorola, R1-092169


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at n+4


PDCCH at frame n:
UL Grant


Self-Interference Scenario 1


Note: Self-interference is possible for n = 2,3,7,8 for all three scenarios above.


Self-Interference Scenario 2


Self-Interference Scenario 3


Self Interference Scenarios Reported by RIM and Motorola


Relay


eNodeB


UE


Feedback at subframe n+4


RIM, R2-093123


Motorola, R1-092169


Data at subframe n


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at subframe n+4


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n+4


PDCCH at frame n


Feedback at frame n+8


Feedback at frame n+8


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmission at n+4


Self-interference scenario 4: possible for n = 3 and n = 8


Self-interference Scenario 5: Possible for MBSFN subframes n = 1,2,3,6,7,8


Self Interference Scenarios Not Considered by RIM or Motorola


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


PDCCH at frame n


Not a  valid case


Rational behind invalid Scenario can be summed up to the fact that PDCCH transmission within MBSFN subframes is always possible on RN->UE link while UEs are not supposed to expect any PDSCH transmission from relays during MBSFN subframes  


Example of Invalid Self Interference Scenarios



_1311933327.vsd
The height of the text box and its associated line increases or decreases as you add text. To change the width of the comment, drag  the side handle.


text


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


Un-UL Synchronous HARQ Operation Breakdown Scenario 1: possible for n = 1,2,6,7


Note: Breakdown is due to gaps within MBSFN subframes configuration on Un-DN


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDCCH: UL grant


CSR


PUSCH: data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


PUSCH: data


PDCCH: UL grant


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


CSR


ACK/NACK


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


ACK/NACK


CSR


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


ACK/NACK


R-PUSCH data


R-PDCCH: UL grant


PDSCH
Data


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


R-PUSCH data


PUSCH data


ACK/NACK


R-PDCCH: UL grant


PUSCH
Data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


n


n+1


n+2


n+3


Ack/Nack
(If repetition)


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


Ack/Nack
(If repetition)


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


CSR


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


n


n+1


PDCCH: UL grant


n+2


n+3


A/N
(repetition)


PHICH: A/N


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


R-PUSCH data


R-PDCCH: UL grant


PDCCH: UL grant


Backhaul PHICH: A/N


PHICH: A/N


n+4


n+5


eNB


...


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


R-PUSCH: data
(semi-persistent sched)


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


CSR


PUSCH: data
(semi-persistent sched)


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PUSCH data


R-PUSCH data
Semi-persistent sched


PDCCH: UL grant


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


CSR


eNodeB


Relay


UE


Data at subframe n


Feedback at subframe n+4


Data at subframe n+4


PDCCH at subframe n:
UL Grant


Relay


eNodeB


UE


Data at frame n+4


Motorola, R1-092169


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at n+4


PDCCH at frame n:
UL Grant


Self-Interference Scenario 1


Note: Self-interference is possible for n = 2,3,7,8 for all three scenarios above.


Self-Interference Scenario 2


Self-Interference Scenario 3


Self Interference Scenarios Reported by RIM and Motorola


Relay


eNodeB


UE


Feedback at subframe n+4


RIM, R2-093123


Motorola, R1-092169


Data at subframe n


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at subframe n+4


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n+4


PDCCH at frame n


Feedback at frame n+8


Feedback at frame n+8


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmission at n+4


Self-interference scenario 4: possible for n = 3 and n = 8


Self-interference Scenario 5: Possible for MBSFN subframes n = 1,2,3,6,7,8


Self Interference Scenarios Not Considered by RIM or Motorola


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


PDCCH at frame n


Not a  valid case


Rational behind invalid Scenario can be summed up to the fact that PDCCH transmission within MBSFN subframes is always possible on RN->UE link while UEs are not supposed to expect any PDSCH transmission from relays during MBSFN subframes  


Example of Invalid Self Interference Scenarios



_1311933309.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


Ack/Nack
(If repetition)



_1311933134.vsd
text


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


PUSCH data


R-PUSCH data


R-PDCCH: UL grant


PDCCH: UL grant


Backhaul PHICH: A/N


PHICH: A/N



_1311933217.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


CSR


ACK/NACK



_1311933245.vsd
text


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


ACK/NACK


CSR



_1311932786.vsd
The height of the text box and its associated line increases or decreases as you add text. To change the width of the comment, drag  the side handle.


text


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


Un-UL Synchronous HARQ Operation Breakdown Scenario 1: possible for n = 1,2,6,7


Note: Breakdown is due to gaps within MBSFN subframes configuration on Un-DN


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDCCH: UL grant


CSR


PUSCH: data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


CSR


PUSCH: data


PDCCH: UL grant


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


CSR


ACK/NACK


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


PDSCH: data


ACK/NACK


CSR


Relay


eNodeB


PDCCH at subframe n


Data at frame n+4


Feedback at subframe n+8


RIM, R2-093124


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


ACK/NACK


R-PUSCH data


R-PDCCH: UL grant


PDSCH
Data


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


...


R-PUSCH data


PUSCH data


ACK/NACK


R-PDCCH: UL grant


PUSCH
Data


n


n+1


n+2


n+3


n+4


n+5


eNB


...


RN


UE


n


n+1


n+2


n+3


n+4


n+5


...


n


n+1


n+2


n+3


n+4


n+5


...


Ack/Nack
(If repetition)


Ack/Nack
(If repetition)


eNodeB


Relay


UE


Data at subframe n


Feedback at subframe n+4


Data at subframe n+4


PDCCH at subframe n:
UL Grant


Relay


eNodeB


UE


Data at frame n+4


Motorola, R1-092169


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at n+4


PDCCH at frame n:
UL Grant


Self-Interference Scenario 1


Note: Self-interference is possible for n = 2,3,7,8 for all three scenarios above.


Self-Interference Scenario 2


Self-Interference Scenario 3


Self Interference Scenarios Reported by RIM and Motorola


Relay


eNodeB


UE


Feedback at subframe n+4


RIM, R2-093123


Motorola, R1-092169


Data at subframe n


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmissions at subframe n+4


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n+4


PDCCH at frame n


Feedback at frame n+8


Feedback at frame n+8


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Feedback at n+4:
It can happen that there is a CQI report or other preconfigured PUCCH Transmission at n+4


Self-interference scenario 4: possible for n = 3 and n = 8


Self-interference Scenario 5: Possible for MBSFN subframes n = 1,2,3,6,7,8


Self Interference Scenarios Not Considered by RIM or Motorola


Relay


eNodeB


UE


Data at frame n


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


PDCCH at frame n


Data at frame n+4


Data at frame n


Feedback at frame n+4


Not a  valid case


Relay


eNodeB


UE


Feedback at frame n+4


Data at frame n


Feedback at frame n+4


PDCCH at frame n


Not a  valid case
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