3GPP TSG RAN WG1 60bis
          







R1-102105
Beijing, China, 12 – 16 April 2010
Source: 

Texas Instruments 
Title:
HARQ Bundling for Rel-10 UL SU-MIMO 
Agenda Item:

6.4.1
Document for:
Discussion and Decision
1. Introduction
The following was agreed in RAN1#60 regarding how to proceed on layer shifting [1]:
No layer shifting, and continue discussion on HARQ bundling.
The two aspects in relation to HARQ bundling are the following:

1. Bundling of uplink (UL) grant HARQ parameters: NDI, RV. Note that RV is jointly encoded with MCS in the UL grant.
2. The number of PHICH resources: 1 or 2
This contribution attempts to finalize the above two issues based on performance, signalling overhead, and standardization impact.
2. Discussion
We discuss the above three factors in this section. 
2.1. Performance: HARQ bundling vs. no HARQ bundling 
Some preliminary results on HARQ spatial bundling were given several past contributions (see, e.g. [2]). We repeat the comparison assuming the most recent set of assumptions which reflects heavy interference condition. The assumptions are given in the Appendix. The comparison between no HARQ bundling (SPB=0) and HARQ bundling (SPB=1) are given in Figures 1 and 2 under different conditions, i.e. the presence of SINR error and/or antenna gain imbalance. Observe that some noticeable (although not dramatic) performance loss due to HARQ bundling can be observed. To ensure robust performance under different scenarios, it seems clear that HARQ bundling should be avoided in general.  
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Figure 1.Throughput comparison: 2x2, SINR error=0
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Figure 2.Throughput comparison: 2x2, SINR error=3dB
2.2. Signalling Overhead
The saving due to HARQ (spatial) bundling is as follows:
· UL grant: 1 bit for the NDI. Reducing the payload of MCS-RV field may be possible if delta MCS is used. However, it is unclear how this can be done since MCS and RV are jointly encoded.  
· PHICH: 1 PHICH resource since 1 PHICH is needed
Considering the payload size of UL grant, the overhead saving in UL grant HARQ parameters may not be a compelling reason in light of the performance comparison shown in Section 2.1. 
Regarding the saving in PHICH resource, it was argued in [3] that the necessity of 2 PHICH resources (one per TB) is unclear in case of adaptive HARQ (where an UL grant is used for retransmission). This is because NDI is used to indicate whether a TB is an initial transmission or a retransmission. Hence, two PHICH resources are not necessary for adaptive HARQ as long as 2 NDIs are used. On the other hand, it was argued that a single PHICH is not sufficient for non-adaptive HARQ (where UL grant is not available upon retransmission) due to the potential blanking loss. Several considerations can be made in regard of this issue. First, it is unclear whether a combination of non-adaptive HARQ and UL SU-MIMO is indeed a common case. By employing non-adaptive HARQ, the MIMO parameters (number of transmitted layers and transmit PMI) must remain fixed until the TBs are successfully decoded. While the number of transmitted layers may change at a slower rate, the transmit PMI tends to change at a faster rate. The applicability of such feature combination may need further discussion.
· Note that this is relevant only for 4Tx where more than one rank-2 precoding matrices are available in the codebook. 
· If this combination is indeed less expected, optimizing the system for such a corner case may not be justified. 
· On the other hand, if this combination is expected to be used extensively in practice, a provision of two PHICH resources is to be made when the UE is requested to transmit multiple layers. In this case, however, the saving of PHICH resources due to HARQ bundling depends on the eNB scheduler implementation. It is expected that an efficient intermittent use of adaptive and non-adaptive HARQ can minimize the overall increase in PHICH-associated overhead with minimum usage of UL grant. This is an implementation issue.  
2.3. Standardization Impact
In regard of the UL grant HARQ parameters, some standardization impact is expected regardless whether HARQ spatial bundling is performed or not. The same holds for PHICH resource assignment as explained in [4]. The reasoning is as follows. Currently, PHICH resource assignment is tied with several parameters including the UL DMRS assignment [5]. For multi-layer transmission, multiple DMRS (cyclic shift) ports are assigned to the UE [6]. That is, the number of DMRS ports is the same as the number of layers.

· When HARQ bundling is performed, a new PHICH assignment rule is needed to map the DMRS port (cyclic shift assignment) indices onto the PHICH resource index in case of multi-layer transmission.
· Without HARQ bundling, a new rule is not needed for 2Tx since the number of TBs is the same as the number of layers. For 4Tx with multi-layer transmission, a new assignment rule is needed for 3- and 4-layer transmissions, and possibly for the 2-layer-1-codeword configuration if supported. 

As both options require some standardization effort in terms of PHICH resource assignment rules, it is unclear whether HARQ bundling is preferred over no bundling with this criterion.
3. Conclusion

Based on the above discussion and simulation results, the following recommendation is made:

· No bundling of UL grant HARQ parameters: 

· Define 2 NDIs in the DCI format associated with UL SU-MIMO: NDI_n is associated with CW_n (n=0, 1). 

· The association between CW and TB is for further discussion. Two alternatives:
· Alt1: Flexible mapping using TB-to-CW mapping flag/indicator

· Alt2: Simple association such as TB_{n+1) is mapped onto CW_n (n=0, 1)

· The number of PHICH resources depends on the applicability of the combination of non-adaptive HARQ and UL SU-MIMO (in particular, 2-TB transmission).
· If such combination is expected to be commonly used, provision for (reserve) up to 2 PHICH resources for 2-TB (2-CW) transmission
· This does not necessitate the eNB to use both PHICH resources for 2-TB transmission when adaptive HARQ (retransmission with UL grant) is used. The number of PHICH resources to be used (0, 1, or 2) is an eNB (scheduler) implementation issue.

· Even when non-adaptive HARQ is used, the eNB uses only one out of the two potentially reserved PHICH resources when only one TB is retransmitted. The PHICH resource follows the DMRS port assignment given in the UL grant associated with the previous (re)transmission. 
· Otherwise, provision for (reserve) only one PHICH resource per UE
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Appendix: Simulation Assumptions 

Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth, sampling frequency
	5 MHz, 7.68 MHz

	FFT size, number of occupied sub-carriers
	512, 300

	Number of SC-FDMA symbols per subframe
	12

	Antennas Configurations
	2x2 

	Codebooks
	As agreed in TR36.814

	Channel models and antenna configurations
	1) TU-6 delay profile 

2) Spatial correlation = 0.1 at TX and RX 

	Center frequency
	2GHz

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	SINR error model
	0 and 3dB standard deviation error (log-normal)

	Processing delay
	10ms total

	Receiver
	LMMSE, MMSE-SIC
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