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1 Introduction 
Uplink spatial multiplexing is a Rel-10 feature which mainly impacts the L1 functionality of the UE, but since there will be up to two Transport Blocks (TB) per TTI, there will also be some impact on L2 functionality. The objective of this e-mail discussion is to analyze the impact and modeling aspects of UL-SM to the MAC specification in order to decide how UL-SM should be implemented in the MAC specification.

The background section contains an initial assessment of the impacted parts of the MAC specification and also discusses some different options for UL grant reception and HARQ modeling. It is followed by a proposed scope of the topics the e-mail discussion should focus on and a short discussion.
2 Background and first assessment
2.1 Impact on UL grant reception
For Rel-8 and Rel-9 it is assumed that for each TTI only one UL grant for one HARQ process and one TB can be received and processed. Consequently, a grant is associated with only one type of UL transmission (adaptive/non-adaptive; dynamic/semi-persistent) and one action in Rel-8 and Rel-9. In Rel-10 independent UL retransmission of TBs transmitted in the same TTI should be supported, i.e. it should be possible to retransmit both, either one, or none of the (two) TBs. The PDCCH grant detection and whether it is valid for one or two TBs is assumed to be handled in RAN1, similar to how it is done for DL-SM. 
In RAN2 it seems relevant to discuss how we expect to receive the UL grants in L2 in order to be able to process them in the UL data transfer procedure (see 5.4.1, [1]) without adding unnecessary complexity.  
It seems that two different L1/L2 interface solutions can be identified: 

1) treat DCI format 4 as a single combined grant 

2) treat DCI format 4 a two independent grants

For each of these two options, modifications to the existing MAC specification will be needed. The current text of the UL grant reception is iterated per TTI. If solution 1 would be applied, it seems that the UE would need to identify if the UL grant applies to one or two TBs and be able to handle each TB separately in order to perform the NDI checks in a correct manner. Furthermore, if a combined grant is delivered to the HARQ entity, it seems that several new branches and modifications are needed to ensure that each TB associated with the grant is processed correctly and it seems that also the HARQ process chapter will be slightly impacted. If solution 2 would be applied it seems that support for UL-SM would essentially be mapped onto existing Rel-8/9 procedures by iterating the procedure per grant and TTI instead of per TTI. Since the grants would be delivered to the HARQ entity separately there seems to be no impact on the HARQ entity and HARQ process procedures. 
2.2 Impact on HARQ entity and HARQ process procedures
When introducing DL-SM, RAN2 agreed to describe the HARQ processing as if each HARQ process could be associated with one or two TB when spatial multiplexing was used. 

For the DL there are only adaptive retransmissions. Based on explicit PDCCH signaling the UE will know which TB(s) to expect PDSCH transmissions for. The received TB(s) are then forwarded to L2 where it is possible to describe them as associated to the same HARQ process.

In the UL there are two different types of retransmissions; adaptive (with explicit PDCCH signaling) and non-adaptive retransmission. The current UL data transfer procedure assumes that one PDDCH UL grant (possibly for an adaptive retransmission) can be received per TTI and if no explicit grant is received it will consider making a non-adaptive retransmission.

When UL-SM is configured the UE shall be able to transmit two TBs in parallel. The PDCCH can provide UL grant(s) for one or two TB(s). It is assumed that L1 will determine if the PDDCH is valid for one or two TB(s) based on the explicit PDCCH signaling, similarly to how this check is done when DL-SM is configured. 
It seems that two different HARQ modeling approaches can be identified:

1) One TB is associated with one HARQ process

2) Two TBs (associated with the same TTI) are associated with one HARQ process.

Looking at the Rel-8/9 HARQ entity procedure; the branch where the UE has received an UL grant for a particular TTI and the branch where it does not are mutually exclusive. This section would hence need to be extended in order to handle the scenario where one TB has a grant and the other does not. With modeling approach 1 it would seem straightforward to reuse the existing Rel-8/9 procedure by simply iterating the procedure per HARQ process, whereas with approach 2 some more complexity would be needed in order to evaluate the TBs separately in each step, possibly duplicating some text.

Looking at the HARQ entity and HARQ process sections, it seems that modeling approach 1 would require significant changes to both sections whereas with approach 2 it seems possible to reuse the procedure in the HARQ entity section. Approach 2 does not seem to impact the HARQ process procedure at all, since with separate HARQ processes for TB1 and TB2 they would execute the existing Rel-8/9 HARQ process procedure independently per HARQ process. 

2.3 Editorial impact on DL data transfer
In the Rel-8/9 version of the specification [1] the HARQ entity sub section (5.3.2.1) of the DL data transfer does not distinguish between DL and UL spatial multiplexing, and as only DL-SM is supported in those release there is no ambiguity. However when introducing UL-SM in Rel-10, it might seem ambiguous to talk about “spatial multiplexing” without mentioning whether it refers to UL or DL. 
2.4 Impact on Logical Channel Prioritization

In Rel-8/9 logical channel prioritization (LCP) mentions only handling of one UL grant per TTI. In Rel-10 when an UE can be configured with UL-SM and transmit up to two TB per TTI this means that the LCP would need to be able to handle more than one UL grant per TTI. 

When a Rel-10 UE is configured with Carrier Aggregation there is also a need for handling multiple UL grants per TTI in LCP. As a result, RAN2 agreed to include a note in the running MAC CR for CA [2] to indicate how LCP should handle multiple UL grants received in the same TTI. 

Since this clarification was described rather generically, it would seem sufficient to cover also the case of UL grants received when UL-SM is configured. 
3 Scope of e-mail discussion
Based on the above analysis it seems that there are two main issues to conclude in RAN2 with regards to UL-SM and it would seem suitable to focus the e-mail discussion on them:
1) Should L2 receive one UL grant per TB or a combined UL grant over the L1/L2 interface?
2) Should the modeling of HARQ processes be done with each TB associated with its own HARQ process or up to two TBs associated with the same HARQ process?
Companies are invited to analyze the benefits/disadvantages, specification impact and complexities of the different solutions discussed above and indicate their preferred way of introducing UL-SM in the MAC specification.

Furthermore, based on observations made in 2.3 and 2.4 it is suggested that companies consider if the following suggestions would seem agreeable:

Suggestion1:
Clarify that “spatial multiplexing” in 36.321 chapter 5.3.2 refers to downlink spatial multiplexing.

Suggestion2:
The changes made to LCP as part of the CA running MAC CR [2] to handle multiple UL grants per TTI covers also the case of multiple UL grants per TTI due to UL-SM.
4 Summary and Conclusions
[To be filled in by the rapporteur at the end of the e-mail discussion]
Summary of input during the discussion

Seven companies participated actively in the e-mail discussion.
As pointed out by some companies, this discussion mainly regards a modeling issue. 
It seems to be the common understanding of participating companies that we should strive for as simple and little specification impact as possible. There is however parted opinions on which approach best fits this description.
Three companies indicated a preference for a modeling approach consistent with that of DL MIMO (i.e. one UL grant and one HARQ process per two TBs), arguing that this approach would be simple and require little impact on specifications. 

Three companies indicated a preference for the modeling approach of one UL grant and one HARQ process per TB, arguing that this approach would require less impact on the current specifications. 
The discussion paper provided to kick off the e-mail discussion seems to have been slightly unclear about how the modeling approach of “one grant per TB” would impact L1. Two companies made the interpretation that the approach would mean that PDCCH would contain two grants in separate DCIs. It was clarified by the rapporteur that only one DCI is received on PDCCH and that it is valid for one or two TBs. Furthermore it was clarified that the intention of the approach with one UL grant per TB was not to modify the DCI, but to let L1 demultiplex the DCI and indicate separate grants per TB over the L1/L2 interface in order to simplify the MAC implementation. 
A text proposal capturing the approach of one UL grant per TB and one HARQ process per TB was presented in the last RAN2 meeting. During the e-mail discussion an effort was made to produce a text proposal capturing the approach of one UL grant and one HARQ process per two TBs in 36.321. Two companies are concerned that it is too simplified. One of the companies also pointed out that it could have some contradictions in it. 

Some companies argue that the combination of an adaptive re-transmission on TB1 and a non-adaptive re-transmission on TB2 is not wanted behavior. One company thinks that this is the main difference between the two approaches and that the approach of one UL grant per two TBs would not show this behavior. To prevent such behavior for the approach of one UL grant per TB it was suggested to always consider the feedback of a disabled TB to be an ACK (i.e. no non-adaptive retransmission would occur). 
One company suggests that introducing the concept of “sub-processes” to the MAC specification might simplify the specification implementation for modeling approach one HARQ process per two TBs. Each HARQ process would then contain 2 sub-processes, each processing one TB. This approach was not further detailed
It was mentioned that the commonality of the LCP procedural text is a benefit obtained with the approach of one UL grant per TB. 
It seems a bit unclear whether the number of HARQ processes defined in 36.213 (chapter 8) would need to be updated by RAN1 if RAN2 implements the modeling approach of one TB per HARQ process. It was suggested that an update may be needed unless this number of HARQ processes are related to HARQ timing which would not change for UL MIMO.
Proposed way forward:
There is consensus among participating companies to aim for as little impact to the structure and content of the specification as possible. Since no consensus could be reached about which modeling approach that is the most suitable from this perspective, no text proposal is provided as output from this e-mail discussion. Instead the rapporteur have concluded on a some issues which should be discussed in RAN2 to better understand the potential complexities and benefits of each modeling approach.
While keeping simplicity in mind, RAN2 discussion should focus of these main questions:
Q1: How should the UL grant reception be modeled in MAC?

Q2: Should each TB be associated with its own HARQ process or should they be associated with the same HARQ process?

In the discussion RAN2 should also consider the aspects of:

- Supporting transmission of one TB but not the other.
- Whether to allow/prevent the combination of adaptive and non-adaptive retransmission.
Since no company expressed concerns with the suggestions made in the scope section above, we ask RAN2 to agree to the following proposals: 

Proposal 1 Clarify that “spatial multiplexing” in 36.321 chapter 5.3.2 refers to downlink spatial multiplexing.
Proposal 2 The changes made to LCP as part of the CA running MAC CR [2] to handle multiple UL grants per TTI covers also the case of multiple UL grants per TTI due to UL-SM.

5 References
[1] 3GPP TS 36.321, v.9.3.0, MAC

[2] Introduction of Carrier Aggregation, R2-105960, Ericsson, ST-Ericsson
[3] R2-105464, Introduction of UL Spatial Multiplexing in MAC, Ericsson, ST-Ericsson







1/4


