
3GPP TSG-RAN WG1 Meeting #52
R1-080992
Sorrento, Italy, February 11 – 15, 2008

Source:
Panasonic
Title:
CCE aggregation dependent Transport Format signaling
Agenda Item:
6.1.3
Document for:
Discussion and decision
1 Introduction

In the RAN1#51b meeting, it has been agreed that the transport format on the PDCCH will be signaled with a 5‑bit MCS value [1]. In [2] we analyze the resulting MAC padding overhead, which is about 6-8 % for the currently discussed 26-31 MCS levels. This contribution provides a scheme for reducing the MAC padding overhead to about 2-4%.
2 Proposed scheme

2.1 Basic principle

In RAN1#48b it has been agreed in [3] that aggregation sizes of 1, 2, 4, and 8 CCEs are used for mapping the PDCCHs onto the CCEs, where QPSK is used and the resulting code rates should be around 1/12, 1/6, 1/3 and 2/3. This allows for a coarse link adaptation of the PDCCH and helps to reduce the dynamic range for the link adaptation by the transmit power control.

Assuming the same PDCCH payload size, larger aggregation sizes (lower code rates) will be used to address cell‑edge UEs and smaller aggregation sizes (higher code rates) will be used to address cell‑center UEs. Additionally, assuming that on the PUSCH and PDSCH cell‑edge UEs transmit/receive data mapped on the lower range of the MCS levels and cell‑center UEs transmit/receive data mapped on the higher range of the MCS levels, it is logical to link the PUSCH/PDSCH related TBS, MCS or SE related signaling to the CCE aggregation size. This behavior has been shown by a system level analysis in [4].

Figure 1 shows the basic principle of the proposal. For a given CCE aggregation size the MCS/SE signaling field addresses a sub-range of the globally defined MCS/SE range. Since an allocated UE is aware of the CCE aggregation size of its PDCCH (due to successful decoding), it knows how to interpret the signaled MCS/SE field.

Additionally, the MCS/SE levels within a sub‑range may be signaled with different granularities. E.g. the MCS/SE levels at both edges of the sub‑ranges may be less likely to be employed when a certain CCE aggregation size is used on the PDCCH, therefore, a coarser MCS/SE granularity at both edges may be sufficient. This allows for a finer granularity of the predominantly selected MCS levels, which reduces the MAC padding loss.

It should be noted that the proposed scheme in this contribution works irrespective of other methods trying to reduce the number of blind PDCCH decodings, e.g. by reducing the CCE and CCE aggregation monitoring sets.
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Figure 1 – CCE aggregation dependent MCS/SE signaling (definition of sub‑ranges are examples)

2.2 Issues to be considered

As partly mentioned in [5] the following issues need to be considered: 

· Allocation of very small TBSs with PDCCHs mapped on small CCE aggregation sizes (large PDCCH MCS level):

· Due to the variable TBS granularity a large TBS range can be covered by each CCE aggregation size, i.e. reasonably small TBSs can be addressed even with small CCE aggregation sizes.

· Scheduler flexibility: In some cases the scheduler may want to utilize remaining CCEs to schedule an additional UE resulting in a non-appropriate CCE aggregation size. The following two cases are identified:

· Less CCEs than appropriate are left (e.g. 2 CCEs left and an additional cell‑edge UE should be scheduled): Due to the variable TBS granularity a large TBS range can be covered by each CCE aggregation size, i.e. reasonably small TBSs can be addressed even with small CCE aggregation sizes. We assume this to be a rare case, since in most cases there will not be sufficient transmit power available to boost the power for the remaining few CCEs in order to reach the cell‑edge UE.
· More CCEs than appropriate are left (e.g. 8 CCEs left and an additional cell‑center UE should be scheduled) There is no need to use more CCEs than needed (appropriate). In case the PDCCH should be made more reliable the remaining transmit power can be used for additional power boosting of the used CCEs. Similarly to above we assume this to be a rare case.

· A UE decoding a PDCCH with less CCEs than aggregated, i.e. the UE would have a wrong understanding of the signaled TBS: For robustness reasons related to the linking of the ACK/NACK resources to the CCE index of the PDCCH, it is recommended that the PDCCHs are scrambled, e.g. with the UE ID or the CCE aggregation size, which is currently being discussed in RAN1 and proposed in [6]. In this case, if the UE decodes the PDCCH correctly, it always knows the CCE aggregation size being used be the eNodeB avoiding a misunderstanding of the signaled MCS level (TBS).

3 MAC padding overhead analysis

RLC PDUs may have any (byte-aligned) size, which requires MAC layer to perform padding in order to fit the MAC PDUs to the TBSs. Therefore, the definition and granularity of the TBSs define the required MAC padding. This section provides a transport block padding overhead analysis for CCE aggregation non‑dependent and for CCE aggregation dependent MCS table. Table 1 lists the assumptions used for the analysis. Table 2 shows the MAC padding overhead for 5 MCS bits on the PDCCH. Without a CCE aggregation dependent MCS signaling, the MAC padding overhead is about 6-9 % depending on the actually defined number of MCS levels (see [2] for more details). Introducing a CCE aggregation dependent MCS signaling, the MAC padding overhead e.g. for 27 MCS can be reduced from 7.36 % to 3.13 %, when the MCS level sets for different CCE aggregation sizes overlap by 16 MCS levels. An additional reduction is possible by a smaller overlap, e.g. to 2.21 % with an overlap of 8 MCS levels.

Table 1. MAC padding analysis assumptions
	Parameter
	Assumption/Value

	System bandwidth
	5 MHz (25 RBs)

	REs per RB
	120 (3 OFDM symbols for control, 2 TX antennas, normal CP)

	Minimum MCS level
	QPSK rate 0.076

	Maximum MCS level
	64-QAM rate 0.90

	TBS granularity
	TBSs exponentially distributed (like in HSDPA), byte‑aligned

	TBS and RB dependency
	TBS for a given signaled MCS level scales linearly with the RB allocation size


Table 2. MAC padding overhead
	
	CCE aggregation dependent MCS table

	Number of MCS levels
	Average MAC padding overhead [%]
	Resulting total number of MCS levels
(overlap = 16)
	Average MAC padding overhead [%]
	Resulting total number of MCS levels
(overlap = 8)
	Average MAC padding overhead [%]

	23
	8.82
	44
	4.34
	68
	2.75

	26
	7.68
	56
	3.36
	80
	2.32

	27
	7.36
	60
	3.13
	84
	2.21

	29
	6.81
	68
	2.75
	92
	2.01

	31
	6.33
	76
	2.45
	100
	1.84


4 Conclusion

In this contribution a scheme for reducing the MAC padding overhead on PUSCH and PDSCH is presented. The proposed scheme allows to reduce the overhead from ~ 6-8 % down to ~ 2-4 %. Therefore, we propose that the interpretation of the MCS field depends on the CCE aggregation size of the PDCCH such that:

· within each PDCCH a specific sub‑range of the globally defined TBS range is signaled

· different TBS granularity levels are defined 
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