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1. Introduction
In RAN1#60bis meeting, PRB bundling came to a common understanding that “UE may assume that precoding granularity is multiple RBs while UE is still allowed to perform single-RB channel estimation”, which means the UE can perform channel estimation and demodulation per PRB in any case. In the discussion, several contributions[1,2,3] demonstrated the benefit of PRB bundling and signalling issues, however, several contributions[4,5,6] raised some concern on the performance, based on which some of them prefer introducing it in any rank, and some of them prefer ruling it out or introducing it in limit case, i.e., in higher rank cases. Whereas all these contributions focus on SU-MIMO case only, in which only [6,7] present some concern on the potential impact of PRB bundling on MU-MIMO scheduling.
In this contribution, we give a simple illustration to exemplify the scheduling constraint on MU-MIMO pairing caused by PRB bundling, following which, we give out our proposal that PRB bundling be supported in SU-MIMO case only, i.e., higher rank MIMO to avoid the MU-MIMO issues.

2. Scheduling constraint on MU-MIMO pairing 
PRB bundling will bring additional gains for channel estimation and demodulation. This gain of PRB bundling can be achieved only when the precoding vectors across the bundled PRBs are the same. In other words, RB bundling will require the eNodeB to perform same downlink precoding vector across bundled PRBs which can be met to some extent by carefully taking the feedback mode and precoding granularity into account in SU-MIMO case. However, it may not be met so easy in MU-MIMO case that is the exact optimization point in Rel-10 unless at the expense of losses in scheduling flexibility.
Current specification supports three types of resource allocation, i.e., type 0, type 1 and type 2, in which type 1 will make no difference in SU-MIMO and MU-MIMO case since is not applicable for PRB bundling. Therefore, there are three possible pairing combination between UE in MU-MIMO case, take 2 single-layer UE pairing for example:

a) Resource of one UE resource allocated based on type 0 and resource of another UE allocated based on type 0;
b) Resource of one UE resource allocated based on type 0 and resource of another UE allocated based on type 2;

c) Resource of one UE resource allocated based type 2 and resource of another UE allocated based on type 2;

With the restriction on the precoding granularity to corresponding RBG size, case a) will not make trouble in paring; however, case b) and case c) will inevitably add some scheduling restriction on scheduling or cause some performance loss, which is illustrated in figure 1a, figure 1b and figure 1c, respectively, under the assumption that RBG size equals 3 and hence precoding granularity equals 3.
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	Figure 1a. UE pairing in case a)


In figure 1a, UE1, UE2 and UE3 are mapped to layer 1, while UE4, UE5 and UE6 are mapped to layer 2. Due to resource of both layer 1 UEs and layer 2 UEs are allocated based on type 0, PRBs of each RBG are all allocated to one UE, so the precoding vectors can be optimized based on RBG for each UE pair without impact on the third UE, e.g., when UE4 is paired with UE 1 and UE 2, the precoding vectors of PRB1, PRB2 and PRB3 in RBG1 for UE1 is assumed as 
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, and the precoding vectors of PRB1, PRB2 and PRB3 in RBG1for UE4 is assumed as 
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 can be jointly estimated in RBG1 with precoding granularity equalling to RBG size while no impact on the vector estimation for PRBs of other RBGs than RBG1. Identically, precoding weight for UE2 and UE4 in RBG2 can be jointly estimated with no impact on the vector estimation for PRBs of other RBGs than RBG2. 
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	Figure 1b. UE pairing in case b)


In figure 1b, UE1, UE2 and UE3 are mapped to layer 1, while UE4, UE5 and UE6 are mapped to layer 2. All 3 PRBs of RBG2 are allocated to UE2 while on 2 of the PRBs, UE4 is paired, and on one of the 3 PRBs, UE5 is paired. if 
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are jointly estimated with precoding granularity equalling to RBG size, which of course will require the estimation of 
[image: image11.wmf]2

2,3

w

 for UE5 should be based on the vectors optimized for pairing UE2 and UE 4 rather than based on optimization of the UE2 and UE5 pairing, as well as the precoding vectors be calculated on the RBG boundary regardless of the type of resource allocation, therefore lead to some constraint. Otherwise, it will not be true to assume
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 anymore, then the channel estimation will be harmed.
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	Figure 1c. UE pairing in case c)


In figure 1c, UE1, UE2 and UE3 are mapped to layer 1, while UE4, UE5 and UE6 are mapped to layer 2. All 3 PRBs of RBG2 are allocated to UE1 while on 2 of the PRBs, UE4 is paired, and on one of the 3 PRBs, UE5 is paired. if 
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are jointly estimated with precoding granularity equalling to RBG size, which of course will require the estimation of 
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 for UE5 be based on the vectors optimized for pairing UE1 and UE 4 rather than based on optimization of the UE1 and UE5 pairing, as well as the precoding vectors be calculated on the RBG boundary regardless of the type of resource allocation, therefore lead to some constraint. Otherwise, it will not be true to assume
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, then the channel estimation will be harmed.
With the conclusion in RAN1#59bis meeting, for the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

Not more than 4-layer transmission in total for MU-MIMO transmission
Which has ruled out the possibility of supporting MU-MIMO in higher rank transmission from specification point of view, jointly with above analysis, it is proposed that the PRB bundling can only be supported for higher rank transmission in order to avoid the lose of scheduling flexibility and system throughput.
3. Conclusion

In this contribution, we discussed the potential impact on scheduling constraint by introducing PRB bundling in MU-MIMO, as well as the relationship between PRB bundling and SRS configuration, following which, we would like to propose:

· PRB bundling is supported for higher rank transmission only to avoid the lose of scheduling flexibility.
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