
3GPP TSG RAN WG1 #51 







   R1-074782
Jeju, Korea, November 5 – 9, 2007
Agenda item:
6.2.4
Source: 
Samsung 

Title: 



ACK/NAK Repetitions in E-UTRA UL 
Document for:
Discussion and Decision
1 Introduction

This contribution is a revision of R1-074098 and considers the support of ACK/NAK repetitions to achieve the desired BER coverage in E-UTRA UL. 
2 Partition of UL RBs for ACK/NAK Repetitions
Several possible partitions exist for the RBs used for dynamic and persistent PUSCH and for CQI and dynamic and persistent ACK/NAK PUCCH transmissions. Figure 1 shows an example for such a partition. The RBs for periodic transmissions (CQI, persistent PUSCH, and ACK/NAK for persistent PDSCH) are located towards the edge of the operating BW to avoid fragmentation and exploit frequency diversity. The RBs for ACK/NAK transmissions due to dynamic PDSCH scheduling are placed next to the ones for dynamic PUSCH scheduling to allow variations of these RBs on a sub-frame basis to be seamlessly supported without wasting BW or requiring additional signaling [E///]. 
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Figure 1: Partitioning Between Periodic and Dynamic Transmissions in E-UTRA UL.
The above structure allows for ACK/NAK repetitions with the obvious mechanism of expanding the transmission in RBs in the dynamic PUSCH region. For implicit, CCE-based mapping of ACK/NAK resources for dynamic PDSCH scheduling, the UEs need to know how many RBs are assigned in each sub-frame to the periodic transmissions of persistent PUSCH, ACK/NAK from persistent PDSCH, and CQI (total number of RBs for periodic transmissions per UL sub-frame) in order to determine the RB for the first ACK/NAK transmissions. This can be provided by the D-BCH as the variation of RBs for periodic transmissions is over much longer time periods than a few frames. 

ACK/NAK repetitions are assumed to be UE-specific (only for coverage limited UEs). For dynamic PDSCH scheduling, the ACK/NAK transmission can evolve in an obvious manner as in Figure 2. For persistent PDSCH scheduling, the eNB can configure the UE to use a distinct set of resources (orthogonal cover, cyclic shift, RB) for each repetition. 

[image: image2]
Figure 2: Supporting Repetitions of ACK/NAK Transmissions from dynamic PDSCH Scheduling.

Although the transmission structure in Figure 2 shows no particular issues other than the additional RB overhead, this is because of the assumed requirements for the ACK/NAK repetitions. BW fragmentation can frequently occur if the total number of ACK/NAK transmissions is larger than two as it may be required for coverage [2]. This is shown in Figure 3. The number of fragmented RBs can be as large as the maximum number of ACK/NAK transmissions minus two. For example, for a total of 4 transmissions for an ACK/NAK, the maximum number of fragmented RBs is 2. 

[image: image3]
Figure 3: Bandwidth Fragmentation Associated with Repetitions of ACK/NAK Transmissions.  
The options for addressing this problem are limited and each has drawbacks. The first option is to restrict the scheduling of UEs so that an ACK/NAK transmission structure with the properties shown in Figure 2 can be achieved. However, it is not desirable to place such restrictions on the scheduler because they will degrade DL system throughput and may not be tolerable for delay sensitive services. Moreover, even with scheduler restrictions, it is not certain that UEs will exist for which the number of ACK/NAK repetitions has the structure in Figure 2. The second option is to schedule dynamic PUSCH transmissions in the fragmented RB but the main drawback is the cost of the associated UL grant. The third option is to simply leave the fragmented RB unused. This may be tolerable for larger system BWs but it represents significant BW waste for the smaller ones. Finally, an option that avoids the BW loss due to fragmented RBs is to use these RBs for persistent PUSCH retransmissions, assuming these transmissions exist and can occur in 1 RB.   

Another issue with applying straightforward RB expansion to support ACK/NAK repetitions is the growth in the associated overhead, particularly for the smaller BWs. For example, for the 1.4 MHz system BW with 6 RBs, using RB expansion to support 3 or more transmissions of the same ACK/NAK leads to 50% or more PUCCH overhead in some sub-frames. This is clearly unacceptable, especially considering other UL overhead (e.g. CQI, SRS). However, for the 1.4 MHz BW, an alternative to using additional RBs for ACK/NAK repetitions is readily available. 
Inferring the resources for UL ACK/NAK transmission from the first CCE of the DL grant leads to a maximum of about 6 ACK/NAK resources as only about 7 CCEs exist at 1.4 MHz (assuming DL grant size of about 34 bits – in any case, since only 6 RBs exist at 1.4 MHz, implicit mapping can always be limited to a maximum of 6 UL ACK/NAK resources). If the UEs are additionally informed of the DL RBs used for persistent scheduling per DL sub-frame (e.g. through the D-BCH), the overhead reduction can be substantial as only a small number of RBs may be possible for implicit mapping of UL ACK/NAK resources. In any case, as no more than 6 of the 18 resources (short CP sub-frame) are consumed by the first ACK/NAK transmissions, up to two additional ACK/NAK transmissions can be supported in the same RB. One additional ACK/NAK transmission can be supported for long CP sub-frame. No RB expansion is needed in case the maximum number of total ACK/NAK transmissions is equal to 3 for short CP sub-frame, or 2 for long CP sub-frame, and RB fragmentation can be avoided. Further gains in available resources can be obtained by recognizing that only a very limited number of coverage limited UEs (1 or 2) can be simultaneously scheduled. The scheduler can also multiplex CQI transmissions in the same RB if no more than a total of two (one) ACK/NAK transmissions are needed for short CP (long CP) sub-frame. This is transparent to the UEs. The only condition is that the mapping of ACK/NAK resources is first over the orthogonal time covers before an additional cyclic shift is used.
The same principle could be potentially used for larger operating BWs when the total number of CCEs is less than the ACK/NAK multiplexing capacity in the maximum number of RBs used for the ACK/NAK initial transmission. One example is the case of 3 MHz system BW where the number of CCEs for the DL assignments can be ensured to be less than or equal to 12. Then, for multiplexing capacity of 18 ACK/NAK signals in 1 RB (short CP sub-frame), a UE with ACK/NAK resources for a first transmission determined from mapping to the sixth or smaller CCE (for example, the scheduler can use the first CCE for the DL grant to a coverage limited UE) can use for an additional transmission the ACK/NAK resources determined by adding 12 to the ones for the initial ACK/NAK transmission. Then, the additional transmission can be supported without using an additional RB. 
For the larger system BWs requiring multiple RBs for initial ACK/NAK transmissions, the maximum number of such RBs needs to be assumed to support repetitions while avoiding collisions as it is not possible for the UEs to know in advance how many RBs the ACK/NAK transmissions in a subsequent sub-frame will require. For robust design, it is preferable to assume the maximum number of RBs for initial ACK/NAK transmissions in determining the RBs used for repetitions of prior ACK/NAK transmissions. Figure 4 illustrates this issue. Fragmentation obviously increases relative to the case that the first ACK/NAK transmissions can be ensured to occur in only 1 RB (Figure 3). 
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Figure 4: First ACK/NAK Transmissions Occupy More than 1 RB. Fragmentation of Multiple RBs is Possible.
Given that increased BW fragmentation occurs for larger system BWs, such as 10 MHz and above, losing occasionally a few RBs is not too damaging to UL throughput. However, the problem can be exacerbated in systems using long CP sub-frame (due to its smaller multiplexing capacity) and in TDD systems having a large DL/UL imbalance. 
Although, as previously mentioned, the fragmented RBs can be used for retransmissions with persistent PUSCH scheduling, in case such retransmissions exist, RB expansion is often not needed. If the maximum required number of RBs is assumed for initial dynamic PDSCH ACK/NAK transmissions in a fully loaded system, there are resources left available in these RBs to multiplex ACK/NAK repetitions. The principle is the same as the one previously described for the 1.4 MHz and 3.0 MHz system BWs but it applies for the last RB of the initial ACK/NAK transmissions. 
For example, for 10 MHz system BW, Table 1 shows that RB expansion can be avoided if the DL grants with the smallest code rate (1/12) are transmitted in the first CCEs. Since about 28 CCEs are available at 10 MHz, a maximum of 2 RBs will be required for ACK/NAK transmissions (no scheduler restrictions, short CP sub-frame) and 8 ACK/NAK resources in the second RB remain unused. Given that coverage limited UEs will have DL grants with code rate of 1/12, 8 CCEs will be required to schedule each such UE and up to 3-4 such UEs can be scheduled in a sub-frame. Then, for the 8 unused resources, it is trivial to assign the first and fifth ones to the first and second ACK/NAK repetitions for the UE with DL grant using the first CCE, the second and sixth ones to the first and second ACK/NAK repetitions for the UE with DL grant using the second CCE, and so on. In general, without requiring any scheduler restrictions, similar rules can apply for any system BW, short/long CP sub-frames, and FDD/TDD systems. RB expansion to support ACK/NAK repetition can be avoided or minimized for a negligible impact on UL throughput.
Table 1: Supporting ACK/NAK (A/N) Repetitions for Short CP Sub-Frame at 10 MHz System Bandwidth.
	CCEs
	(r=1/12) DL Grants
	A/N Resources (2 RBs)
	A/N Resource (1st Repetition)
	A/N Resource (2nd Repetition)
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28
	3-4 (8 CCEs each)
	36
	29-32
	33-36


Another issue is the subsequent PDSCH scheduling for a UE requiring repetitions for its ACK/NAK transmission and did not receive a scheduling assignment for a PUSCH transmission. Clearly, a UE requiring a total of N UL sub-frames for an ACK/NAK transmission can again be scheduled before N-1 DL sub-frames only if it has 1-bit ACK/NAK. This is because the number of ACK/NAK bits in a single transmission cannot be more than two and the UE cannot wait before transmitting the second ACK/NAK bit as its resources are implicitly derived per sub-frame from the first CCE of the DL grant. However, even for 1-bit ACK/NAK, only one such scheduling can occur during the next N-1 sub-frames. Having a UE which is coverage limited for 1-bit ACK/NAK revert to a 2-bit ACK/NAK will simply prolong the number of sub-frames required for the completion of the transmission for both ACK/NAK bits. The total number of required sub-frames will obviously be the same as the one for separate ACK/NAK transmissions. Also, additional RBs will be required (even if the 2-bit ACK/NAK transmission starts from the RB determined for the second of the two ACK/NAK bits and is not affected by the possible RB expansion due to the repetitions of the first ACK/NAK bit) as the transmission of the second ACK/NAK bit will last longer than a single 1-bit transmission. 
Two options exist to address the above issues. The first is to specify that a UE having its ACK/NAK transmission over N UL sub-frames, should not be scheduled for PDSCH reception in the next N-1 DL sub-frames, relative to the last scheduled DL sub-frame. The second option is to specify that if ACK/NAK transmission over N UL sub-frames is needed and the UE is scheduled again after M DL sub-frames, with M < N, the UE cannot be scheduled again for 2 x (N-M) DL sub-frames. The first option is the preferred one as it does not need additional restrictions.  
3 Conclusions
This contribution examined the ACK/NAK transmission over multiple sub-frames in E-UTRA UL. Based on the corresponding analysis, the following attributes for the UL ACK/NAK transmission are proposed:

a) The RBs for ACK/NAK transmissions from dynamic PDSCH scheduling are located next to the RBs for dynamic PUSCH scheduling. The UEs are informed through the D-BCH of the total number of RBs per sub-frame used for the periodic transmissions of persistent PUSCH scheduling, ACK/NAK from persistent PDSCH scheduling, and CQI. This information is needed to determine the first RB for the initial ACK/NAK transmissions from dynamic PDSCH scheduling in each sub-frame.
b) For the 1.4 MHz system BW, at least the first repetition of ACK/NAK transmissions can and should be confined in the same RB as the initial ACK/NAK transmission. In general, for any system BW where the number of PDCCH CCEs is less than the ACK/NAK multiplexing resources in the corresponding UL RBs, at least one repetition of an ACK/NAK transmission can be supported without using an additional RB.

c) For system BWs requiring multiple RBs for the initial ACK/NAK transmissions, the maximum number of these RBs should be assumed to determine the RBs used for repetitions. The overhead to support repetitions can be zero to minimal for the larger system bandwidths without any scheduler restrictions.
d) A UE having ACK/NAK transmission over N UL sub-frames should not be scheduled for PDSCH reception in the next N-1 DL sub-frames, relative to its last scheduled DL sub-frame. The UE should not attempt to decode DL scheduling assignments or receive PDSCH transport blocks for the following N-1 DL sub-frames. 
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