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1. Introduction

In previous RAN1 meetings, the decision on DM-RS pattern for normal CP was made [1], as shown in Figure 1, where 12 REs in green are used for rank1~2 with OCC=2; both 12 green REs and 12 blue REs are used with OCC=2 for rank3~4 and with OCC=4 for rank 5~8.
[image: image1.png]EHE

Normal subframe DwPTS, 11/12 symbols DwPTS, 910 symbols




Figure 1 DMRS pattern in normal CP
The remaining issue is to discuss the necessity of PRB bundling, and in 3GPP 60bis meeting, the definition for PRB bundling was given [2] as following: 
· UE may assume that precoding granularity is multiple RBs.

· UE is still allowed to perform single-RB channel estimation

But whether to utilize the PRB bundling is still for further study. In this contribution, we share our views on this remaining issue.
2. Discussion on PRB bundling
PRB bundling allows UE performing joint channel estimation over multiple PRBs to improve channel estimation performance and therefore the demodulation performance of Rel-10 PDSCH, at the cost of same precoding to be required within multiple bundled PRBs. In this section, we will share our views on the following aspect:

· Scenarios for PRB bundling: from the simulation result in previous meeting [8]~[10], PRB bundling is beneficial mainly to small delay spread or less-frequency-selective channels, as shown in Appendix B. With large delay spread, the performance gain due to bundling is very little or even negligible. 
· Complexity and restrictions: as discussed in previous meeting, when PRB bundling is applied to multiple consecutive resource blocks, it increases additional scheduling constraint for resource allocation due to bundling granularity. At the same time, in order to achieve the bundling gains, UE must perform joint channel estimation, which increases the complexity. 
· Resource allocation：In LTE R8, three resource allocation types were defined: type0, type1 and type2. 
· type0: resource assignment information includes a bitmap indicating RBGs that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks (VRBs) of localized type which just satisfies the scheduling requirement of PRB bundling. So allocation type0 is more suitable for PRB bundling than other allocation types. 
· type1: the resource allocation is performed in one of NRBG sets and the allocation granularity is single PRB in the given set, so the continuity of the allocated PRBs is not always guaranteed. If the PRB bundling is enforced in type1, type1 allocation would be implemented just similar to type0. 
· type2: PRB bundling is not suitable for distributed resource allocation in distributed version of type2 because of the discontinuous PRBs, and only localized resource allocation of type2 has the possibility for PRB bundling.
· UE feedback granularity: Besides the PRB continuity, PRB bundling also requires that the PRB’s to be bundled fall into the same feedback granularity, which is always larger than one (2,3,4 PRBs corresponding to different system bandwidths), in order to use the same precoding coming from the same feedback. Due to this reason, UE may observe different scales of PRB bundling and has to apply different joint channel estimation algorithms, which increases the UE complexity.
From the analyzing above, we can see that PRB bundling is beneficial for some application scenarios, such as resource allocation type0 and less frequency selective channels. But under other conditions, PRB bundling either brings negligible performance gain or has restrictions in application，such as resource allocation type1 and type2 with distributed VRBs, frequency selective channel. So if PRB bundling should be supported in R10, it is better to be configurable with explicit or implicit signaling based on the application scenarios. Following configuration of PRB bundling schemes can be considered:
· Explicit information: 1 bit is needed.
· Implicit information

· resource allocation types

· transmission mode

· rank information

· feedback mode
Because the transmission control information of resource allocation types, transmission mode，rank information and feedback mode already exist in Rel8/9 PDSCH control mechanism, we prefer implicit signaling of PRB bundling depending on one or several combined existing  information mentioned above. Among these choices, the PRB bundling based on resource allocation types is slightly preferred.
3. Conclusion
Based on the analysis and simulation in this document, we observe that

· PRB bundling gain is only moderate in certain specific scenarios such as low frequency selective channel, and is limited to certain specific transmission condition such as localized resource allocation. 
and we propose that, if PRB bundling should be specified in LTE-A, 
· Whether or not PRB bundling is performed in transmission should be informed to UE by implicit signaling. Implicit signaling based on resource allocation type is preferred.
· PRB bundling size should be aligned with feedback granularity in system. 
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Appendix A
	Parameter

	Assumption

	Antenna configuration
	8x2/8x4 (ULA) 

	Bandwidth
	5M

	Channel estimation
	Real, 2D-MMSE, PRB bundling size of {1,2,6}

	Antenna correlation
	Independent

	Channel model
	PA

	MCS 
	Adaptive

	Carrier frequency
	2.0 GHz

	MIMO detection algorithm 
	MMSE

	Codeword number
	2

	Rank adaptation
	Disable， Fixed to 2, 4

	Scheduled resource block
	6 PRB, contiguous allocation

	Precoding 
	SVD decomposition based precoding,
precoding granularity= PRB bundling size

	CQI/Precoding feedback
	Ideal feedback per subband, feedback delay 5ms

	PDCCH OFDM number
	3

	CRS + CSI-RS overhead
	28

	DMRS pattern 
	Rank2 pattern and rank 4 pattern

	UE mobile speed
	3 km/h
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