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1 Introduction
This document provides a summary of the email discussions ([60bis-05-LTE-A]) after RAN1 #60bis meeting on PRB bundling. 
2 Discussion
Huawei raised three questions regarding the way forward R1-102574.
1) What's the difference between the definition of PRG and the definition of RBG? And I also find that the size of the PRG is 2 when RBG size is 4, why do we need this configuration?
	[Samsung]
	As defined in the way forward document, PRG is the set of PRBs where an eNodeB assigns the same downlink precoder for a targeted UE. Similar to RBG, PRG is also defined as a function of system bandwidth. For resource allocation type 0 and 1, the size of PRG and that of RBG are the same for system bandwidth less than 64 PRBs. For the case where the system bandwidth is within the range of [64, 100] PRBs, the size of PRG is 2 while the size of RBG is 4. This number is chosen to better reflect the tradeoff between the gain of PRB bundling and the implementation complexity and precoding restriction of PRB bundling for the following reasons
· Most evaluation results suggest that the gain of PRB bundling is mostly achieved by smaller bundling size (say 2 or 3).
· The higher the bundling size, the higher restriction is imposed on precoding flexibility
· In order to realize the gain of PRB bundling of size 4, UE needs to implement 4 different channel estimators (assume bundling size 1, 2, 3, or 4). This might not be desirable.
Therefore, PRG size is set to be 2 in case where system bandwidth is in the range of [64, 100] PRBs.

	[Huawei]
	I'm not sure I totally understand the reason behind. For further clarification, if the feedback granularity is always 4RB when the system bandwidth is within the range [64,100] PRBs, why should UE assume the precoding granularity or the size of PRG is 2? 

Furthermore, UE is never mandated to implement the 4-PRB channel estimator, especially if gains are limited. So I can't see the complexity you mentioned here.

	[LG]
	My understanding is that 2 PRG size was chosen for 4 RBG case to take the trade-off between channel estimation gain and the restriction of precoding flexibility as mentioned by Lingjia. Anyhow, what we believe here is that 4 PRG size would be not that attractive considering the trade-off mentioned above. Note that the performance different between 2 PRG and 4 PRG is not that huge compared to 1 PRG and 2 PRG case as seen in several contributions. Anyhow, if needed, we can further study on 4 RBG case if Huawei is uncomfortable with the number but we prefer to have a progress on this at least for the other cases as many companies already see the gain and support.

	[Huawei]
	Yes. I agree with you and I believe others also observe that “the performance different between 2 PRG and 4 PRG is not that huge compared to 1 PRG and 2 PRG case as seen in several contributions”. So we think using RBG size as an implicit indication of the bundling size is enough if PRB-Bundling would be supported. Defining additional conception like PRG seems not necessary.

	[ALU/ASB]
	We clearly understand the motivation of PRB bundling in light of improving the channel estimation performance. We can also understand the concern that the PRB bundling may influence the precoding granularity based on the assumption that the joint channel estimation can't be performed among multiple precoding granularities.

Our investigation shows that the precoded channel can still maintain coherency if the simple Coherent Timing Frequency Precoding (CTFP) is employed (as shown in R1-102787). Based on that conclusion,   the possibility of Wide Band PRB bundling should be supported, which enables the precoding granularity to be independent from the channel estimation granularity. Being transparent to the UE, the WideBand PRB bundling can improve the channel estimation performance without degrading the precoding benefit.  The selection between a small fixed PRG size and WB PRB bundling should be configured semi-statically on a UE-specific basis.   


Summary: 

· Precoding RB groups (PRGs) depend only on the system bandwidth.

· The size of PRG is chosen to be 2 instead of 4 in case when the system bandwidth is in the range of [64, 100] PRBs to take the trade-off between channel estimation gain and the restriction on precoding flexibility.

· ALU/ASB proposes semi-statistic configuration of WB PRB bundling and small fixed PRG size PRB bundling 
2) About the bullet "PRB bundling is supported for all transmission ranks in Rel-10 transmission modes", I'm not sure whether there is no problem for all ranks in Rel-10 transmission modes. There are still many remaining issues like feedback granularity, transparent MU-MIMO, resource allocation type used in Rel-10 transmission mode/modes etc.
	[Samsung]
	PRB bundling has been shown to provide non-negligible performance gains in most scenarios. Furthermore, we believe that supporting PRB bundling for all transmission ranks in Rel-10 transmission modes is a clear solution where no signaling is required. The feedback granularity and resource allocation types are also captured in the proposed way forward. For example, 
· We believe that the bullet “within a PRG, the UE may always assume that the same precoder is applied on all scheduled PRBs for a UE” addresses all the resource allocation types.  
the size of PRG is also compatible of Rel-8 feedback granularity except for the case where system bandwidth is in [27, 63].

	[Huawei]
	In the way forward, it seems PRB-Bundling should also be used with resource allocation type 1 and resource allocation type 2 by the bullet below:

Exactly the same set of PRGs are used for other resource allocation types

I'm not sure whether PRB-bundling could be used with all the cases when resource allocation type 1 or resource allocation type 2 is used. 

Furthermore, the MIMO feedback discussion is on going and has not been finished. There is no consensus about the feedback granularity of Rel-10 which is assumed to be discussed later. The resource allocation type to be adopted in Rel-10 also has not been discussed. And there are impacts from PRB-Bundling on those topics. So it's a little bit early to define PRB-Bundling now. 

Although the time line is tight, but that doesn't mean we should accelerate without considering the interrelationship between the modules of the system.

	[LG]
	Regarding the resource allocation type, I think it is quite natural to use the PRG for all resource allocation types as we did for frequency selective precoding in Rel-8. The confirmation of frequency selective precoding feedback implies the same size of PRG irrespective of the resource allocation type. In addition, I don’t believe there will be one-RB based PMI feedback in Rel-10 with the sparse CSI-RS granularity and excessive feedback overhead. We spent a lot of time to investigate the trade-off between the performance and uplink feedback overhead to define appropriate precoding feedback granularity in Rel-8 and the consensus reached to current feedback granularity. Therefore, I don’t think it is early to have a progress on PRB-bundling. Again, if there is a concern about the size of PRG, we can revisit if we see any problem with the agreed size in the future.

	[Huawei]
	PRB-Bundling cannot be used in all the cases for resource allocation type 1 and resource allocation type 2. Further details could also be found in our contribution R1-103097.

For Rel-10 SU-MIMO, I also agree with you that one-RB based PMI feedback is not necessary. But for Rel-10 MU-MIMO which is transparent, if resources allocated to paired UE are not aligned with each other and the UE could be paired with different UE(s) on different RBs, the precoding granularity actually is one. In this case, because the target UE never knows whether it is in the MU-MIMO mode, so it can not assume the precoding granularity is larger than one. Further details could also be found in our contribution R1-103097.

If PRB-Bundling will be used in all the cases, I am still not sure whether it could be used in extended CP where the DMRS patterns have not been defined.

	[ALU/ASB]
	The SRS based CSI feedback typically have more benefits for TDD. The correlated FDD transmission (e.g., LoS) can also utilize SRS based channel reciprocity, and the ongoing discussed PMI feedback and corresponding channel reconfiguration also provide the possibility of one-PRB precoding. Therefore, we believe the Wide Band PRB (also Narrow Band PRB) bundling is beneficial for both TDD and at least some special scenarios of FDD. One RRC bit can be used to configure Wide Band PRB bundling as mentioned above.


Summary: 

· Defining PRG based on system bandwidth handles all resource allocation types.

· PRB bundling may cause scheduling restriction for MU-MIMO.

· ALU/ASB proposes to have one RRC bit to configure WB PRB bundling

 

3) Originally PRB-Bundling is proposed to improve the channel estimation performance of rank > 4 transmission, and some companies propose PRB-Bundling also be used for rank <= 4 transmission. And according to the simulation results submitted in previous meeting, there is still no convergence about whether PRB-Bundling could bring gain or loss in rank <= 4 transmission. Note that for rank <= 4 transmissions, TU channel is more proper for simulation assumption than PA channel.
	[Samsung]
	Originally PRB-bundling is introduced together with the higher rank DM-RS pattern design. However, as time goes, it is also understood that PRB bundling should be separated from higher rank DM-RS pattern design (please see MIMO session chairman notes of 3GPP RAN1 #57, R1-092274 for details). Many evaluation results suggest that PRB bundling is bring more gain in lower ranks (rank <= 4) than higher ranks (rank > 4). For example, the following table is copied from Huawei’s contribution (R1-101952) 
 
Precoding granularity = 6 PRBs
Precoding granularity = bundling size
Bundling size
2 RBs
6 RBs
2 RBs
6 RBs
Performance gain
0.6 dB (Rank1~4)
0.4dB (Rank5~8)
1.0dB (Rank1~4)
0.7dB (Rank5~8)
0.4 dB (Rank1~4)
0.4dB (Rank 5~8)
0.8 dB (Rank1~4)
0.6dB (Rank 5~8)
It clearly suggests that PRB bundling provides higher gains in lower rank transmissions.

	[Huawei]
	When we discussed the DMRS patterns for higher rank (rank>4), as the way forward R1-100785 and the conclusion in the chairman notes of RAN1 59bis indicate, there is no direct relationship between the PRB-Bundling and the DMRS patterns design. If there were relationship, I guess PRB-Bundling should be gone because originally PRB-Bundling is proposed together with another DMRS pattern which was not adopted when we made the decision about the DMRS pattern for higher rank transmission.

As I mentioned in bullet 4), PA channel is used to evaluate the performance of PRB-Bundling in lower rank transmission, which may be not proper. PA channel is proper to be used in higher rank transmission. But in lower rank transmission, TU channel is better.

	[LG]
	First of all, the PRB bundling is not originally proposed for higher rank transmission only. When it is first discussed in RAN1 session, it is proposed for improving channel estimation performance for all ranks. The bundling size dependent DM-RS pattern was proposed to further improve the channel estimation accuracy by forcing a UE to employ bundling size dependent channel estimation. This is main reason why the bundling size dependent DM-RS pattern is not agreed. However, the proposed way forward just allows channel interpolation for multiple PRBs if consecutive PRBs are allocated to a UE for better channel estimation accuracy if a UE wants to take that advantage. I don’t think PA is only relevant to higher rank because the channel delay spread is related to many things including cell size, LOS factor and many scenarios may show the low delay spread even for lower rank.

	[Huawei]
	Yes. I also share the same view that PRB-Bundling could be used when consecutive PRBS are allocated. But in the way forward R1-102574, in which PRB-Bundling was proposed be used in all the cases. I am not sure how to use PRB-Bundling when non-consecutive resource allocation is used.

I do not mean that PA is only relevant to higher rank. Of course lower rank should also be supported under PA channel. But in the real system, TU channel is a more common deployment scenario for lower rank transmission compared with PA channel. So TU channel is more proper to be used for evaluation of lower rank transmission than PA channel.

	[ALU/ASB]
	Our simulation results in R1-102787 shows that the CTFP based PRB bundling can achieve channel estimation performance gain even over normal PRB bundling. Therefore, we believe CTFP is suitable for both WB and NB PRB bundling.


 Summary: 

· DM-RS pattern design and PRB bundling are separate issues.

· Both TU and PA channels are relevant to lower rank transmissions.

· ALU/ASB proposes to use CTFP based algorithm to further improve performance on top of normal PRB bundling.

Conclusions on PRB bundling:

	[Huawei]
	We agree that if there is no PRB-Bundling for lower rank, it's also not necessary to induce PRB-Bundling for higher rank. Although the argument supporting PRB-Bundling in higher rank is from the low density of the DMRS REs per antenna port, but note that, it's agreed that PA channel which is a frequency flat channel is the main deployment scenario for higher rank transmission, for frequency flat channel, there is no obvious evidence that the density of DMRS REs is not enough. And no evidence shows that there is some problem of the system or peak data rate can't be fulfilled if without bundling. Considering the huge unclear impacts on the system from Bundling as mentioned in the three bullets above and the constraint time line of Rel-10, we propose PRB-Bundling be considered in Rel-11.

	[Samsung]
	As discussed in the previous bullets, there are clear performance gains of PRB bundling and 16 companies suggest to support PRB bundling in Rel-10. 

	[Huawei]
	Sorry. I can't agree with you that the performance gain of PRB-Bundling is that clear. 

I don't mean I want to against the proposal from 16 companies. I just think more time could be given to evaluate the PRB-Bundling not only from performance perspective but also from its impacts on the system.

	[LG]
	PRB bundling issue is first raised even earlier than DM-RS pattern and has been discussed more than one year if I remember correctly. I think we have seen enough results so far compared to other issues and I can see that majority companies want to have a decision to focus on other remaining issues. Thus, if the Rel-10 time line is the concern it would be better to agree on the WF and focus on other remaining issues to finish all the remaining issues within the Rel-10 timeline. 


 Summary: 

· Huawei suggests considering PRB bundling in Rel-11.

· Samsung and LG suggest supporting PRB bundling in Rel-10.

Rapporteur proposes the following:
Continue online discussion on this topic and check company’s views on the following discussion points:

· The ranks on which PRB bundling is supported: 
· For example: all ranks or high ranks (rank greater than or equal to k)

· The feedback configurations on which PRB bundling is supported: 
· For example: in case of PMI/RI feedback is configured

· The PRG size in case system bandwidth is within the range of [27, 63] PRBs:

· For example: PRG size could be 2 or 3 









