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Introduction
At the RAN plenary #54 in December 2011, a WI on UL MIMO + 64QAM operations was approved (see [1]).  Since then, RAN1 has been specifying the feature, making a large number of agreements.  In this contribution, we discuss the high-level impacts of UL MIMO on the RAN2 specifications.
Discussion
A number of RAN2 impacts have been identified for UL MIMO operations.  Similar to DC- HSUPA UL MIMO allows the UE to simultaneously transmit two transports blocks in the same TTI.  This requires some considerations on the MAC procedures in the UE.  The following document discusses the various MAC functionalities that are impacted by the introduction of UL MIMO.
MAC architecture 
Using UL MIMO, the UE may transmit two MAC-i PDUs in the same TTI using two HARQ processes.  The same MAC-i entity may be used for transmission of both stream and the multiplexing entity is in charge of creating two MAC-i PDUs per TTI.  

Therefore, there is no need to update the MAC architecture to handle UL MIMO.  

While the MAC architecture doesn’t need to change it may be necessary to double the number of HARQ processes and update the specification to state that up to two HARQ processes per E-DCH can be active in a TTI.  

Proposal 1:  UL MIMO can be implemented by using the legacy MAC architecture, doubling the number of HARQ processes per E-DCH and allowing the multiplexing entity to create up to two MAC-i PDUs per TTI.  

E-TFC Selection

One of the most complex procedures impacted by UL MIMO in RAN2 is the E-TFC selection procedure and the steps associated to chosing the proper E-TFCI for each stream.  We discuss this procedure in the context of UL MIMO  in more detail in [2].  

In addition to the steps associated to E-TFC selection, one open issue that RAN2 needs to agree on is how to handle non-scheduled transmissions with UL MIMO.

In DC-HSUPA it was agreed that non-scheduled transmission can only be transmitted over the primary uplink frequency.  The main reason for this limitation was that noise and interference management in the UL is independent on each frequency.  Therefore, in order for the Node B to properly pre-allocate non-scheduled grants and be prepared for potential noise rise on each carrier it woud have to reserve resources twice in order to account for the potential transmission of non-scheduled on any of the frequencies.  Therefore, in order to overcome this inefficiency it was decided to restrict non-scheduled transmissions to the primary carrier only. 

However, for UL MIMO the problem is slightly different due to the fact that the power used on both streams needs to be equal.  When the primary stream is filled up, if enough power headroom is available, the UE will include both non-scheduled data (up to the non-scheduled grant) and scheduled data (up to the signaled serving grant).   The power on the secondary stream needs to be equal to the primary stream power which will basically result in the UE transmitting more power than just the serving grant alone would have allowed for.  This concept is illustrated in Figure 1 where it can be observed that the non-scheduled grant increases the secondary stream transmission power above what the SG only would allow.



[bookmark: _Ref329949628]Figure 1: Non-scheduled grant impact on transmitted power


The problem described above would occur regardless of whether we restrict transmissions of non-scheduled data on the primary stream or not.  This issue also occurs in R6 with a single stream; the difference here is that the network will have to inevitably assume that the UE may end up transmitting with a power of up to SG + NSG in both streams, thereby reserving twice the desired amount  in its noise rise budget.

Therefore, due to this inevitability we see no motivation to restrict the transmission of non-scheduled transmissions to the primary stream.  The UE should fill up the transport blocks on any of streams with data according to their priorities as done for legacy E-TFC selection.  

The restriction to only allow non-scheduled transmission on the primary carrier introduced a significant amount of complexity in the RAN2 specs on the E-TFC selection and restriction procedures.  With this in mind and the fact that there is no reason to limit non-scheduled transmission to one stream only we propose to allow the transmission on any of the streams.  The UE can follow legacy procedures, where the transport block is sequentially filled up with data starting the primary stream then secondary stream with either scheduled or non-scheduled data according to configured the MAC-d flow priorities, non-scheduled grants and data availability.

Proposal 2: Non-scheduled transmission can take place on any of the UL streams according to non-scheduled grants, data availability and MAC-d flow priorities.  
Happy bit
In current E-DCH, the Happy bit is transmitted on the E-DPCCH with every E-DPDCH transmission.  The Happy bit is used to indicate to the network whether the UE can use a higher grant (e.g. whether it is happy with the current given grant or not given the available power, currently used grant, and available data). 

More specifically, the UE indicates it is unhappy if in the current transmission:
· It has used all the serving grant
· It has enough power to transmit at a higher data rate
· It cannot empty its buffer within a Happy_bit_delay_condition ms given the current grant and number of active processes. 
If any of the above criteria is not me the UE indicates “happy”.

With a rank-2 transmissions two E-DPCCH will be transmitted (the E-DPCCH and S-E-DPCCH, indicating the transmission parameters for the primary and secondary stream, respectively).  As the S-E-DPCCH also carries a Happy bit, and there are thus two happy bits available in rank-2 transmission.  This section discusses the conditions used to set the happy bit of each control channel.  

Happy carried on the E-DPCCH

For UEs transmitting with rank-2 it is important that the happy bit at least on one stream is set as such that it would indicate to the network whether the UE is happy or unhappy with the current rank-2 transmissions.  
For dual cell HSUPA the UE checks the happy bit condition for each frequency individually.  However, for dual cell HSUPA the grants and power are individually controlled, as opposed to UL MIMO where there is only one SG signaled on the primary cell and both streams are required to transmit at equal powers.  Further, the rate on the secondary stream is determined by the channel conditions.  Therefore, it seems irrelevant for the UE reports happiness status per stream.  In our view for UL MIMO, the UE should at least report to the network the happiness status with the current rank-2 transmissions.
In this section we discuss the changes needed for each of the existing conditions used for happy bit setting for the primary E-DPCCH.  

Criteria 1)

The first condition of the happy bit setting is to check if the UE is transmitting as much scheduled data as allowed by the SG.  Since, the UE is transmitting on two streams it seems natural that the UE should check if it transmitting as much scheduled data as allowed by the serving grant on each stream.   For this criteria two possible options exists:
· Option 1: The UE checks if it is transmitting as much data as scheduled grant on the primary stream;
· Option 2: The UE checks if the UE is transmitting as much data as scheduled grant on the primary stream and as much data as allowed by the allocated power considering the offset on the secondary stream.

Option 2 seems to be a more accurate condition as the UE would ensure that it has enough data to transmit using the total allowed transmission power and rank.

Proposal 3: The first Happy Bit criterion: the UE checks if the UE is transmitting as much data as scheduled grant on the primary stream and as much data as allowed by the allocated power on the secondary stream.


Criteria 2)

The second condition of the happy bit setting is to check if the UE has enough power available to transmit a higher data rate (e.g. higher E-TFCI).  The set of supported E-TFCI are calculated assuming that the available power for E-DCH is split over both streams then a few options can be considered:
· Option 1: UE has enough power available to transmit at a higher data rate on the primary stream assuming rank-2 transmission;
· Option 2: UE has enough power available to transmit at a higher data rate on the primary and secondary streams 
The second criteria is used by the network to determine whether the UE has enough power available to increase it’s data rate.  We think that if the UE has enough power to increase the E-TFCI on the primary stream then it will by definition be able to transmit at higher rate regardless of the secondary stream.  If it doesn’t have enough power on the primary stream, then increasing the SG will not provide any gains on any of the streams. 

Therefore we think that Option 1 is sufficient:

Proposal 4: The second Happy Bit criterion: the UE has enough power available to transmit at a higher data rate on the primary stream assuming rank-2 transmission.

Criteria 3)

The third criteria consists of checking if the buffer can be emptied within a period of time given the current grants.  Therefore, it seems natural the condition is extended and applied to both streams.   More specifically the criteria could be as follows:
3)	If there is more than one stream transmissions, based on the same power offset as the one selected in E-TFC selection on each stream to transmit data in the same TTI as the Happy Bit, TEBS would require more than Happy_Bit_Delay_Condition ms to be transmited with the current (Serving_Grant × the ratio of active processes to the total number of processes on the Primary stream) plus ((Serving_Grant – Secondary stream offset) × the ratio of active processes to the total number of processes on the Secondary stream).

Proposal 5: Condition 3 should check if the buffer can be emptied with the current serving grant x ratio of active HARQ processes on the primary stream plus (serving grant – Secondary stream offset) x ratio of active processes on the secondary stream.  

Happy bit carried on the S-E-DPCCH

As one happy bit is sufficient to provide information on UE status on rank-2 transmission it is not clear what to do with the happy bit available on the S-E-DPCCH.   Several options can be considered for the second happy bit. 

The simplest option is to set the happy bit to the same value on both streams.  Since for UL MIMO the E-DPCCH/S-E-DPCCH should be reliable, we see no real advantages of doing so.

RAN2 should thus discuss if this additional control bit can be used to provide additional information to the network.  One possibility is to use the happy bit to indicate to the network whether the UE would be “unhappy” with rank-1 transmission.  For example, if the UE indicates it happy with a rank-2 transmission (e.g. as indicated on the E-DPCCH), it may be beneficial for the network to know how happy the UE would be if it would fall back to rank-1. 


Proposal 6: Discuss how the happy bit in the S-E-DPCCH is set.
SI triggering and reporting
The SI is used to report to the network the uplink power headroom and TEBS.  As the MAC entity and RLC entities are common across each stream the calculation of the TEBS should remain the same as in legacy releases.  We do note however that the current TEBS table granularity may need to be revisited in view of the much larger TBS supported by UL MIMO and 64QAM. 

The UPH is defined as the ratio of the maximum UE transmission power and the DPCCH code power, and shall be calculated as:
UPH = Pmax/ PDPCCH
With UL MIMO configured and active in addition to the DPCCH, the UE will also be transmit the S-DPCCH (just as in UL CLTD).  However, given the fact that the power of S-DPCCH is a network configured fixed offset from the power of the DPCCH there is no need to account for the power of the S-DPCCH in the UPH formula.  Similar to UL CLTD, the network is aware of the offset and can therefore estimate the available power in the UE once the UPH value is received.

Propsoal 7: No change is required for TEBS and UPH calculations.

The current SI is reported according to the following criteria:
· Periodical reporting when SG=0 and SG<>0
· Data from higher logical priority is received
· Additional rules that are dependent on the serving grant in the UE. 

As the current SI triggers are dependend on the serving grant in the UE and given that only one serving grant is given to the UE for UL MIMO, we think that the current rules can still be used.  Moreover the rules depending on the priority logical channels can also remain the same as there is one common RLC and MAC configured in the UE.  

Proposal 8: SI triggers do not have to be modified for UL MIMO.
TSN field extension
In order to support the higher data rates and the increase in the number of transport blocks that can be sent simultaneously in one TTI in the UE, it was agreed that a TSN field extension was necessary for dual cell HSUPA. Since the introduction of UL MIMO will result in a similar behavior (e.g. double the HARQ processes), we think that the TSN field extension should be equally applied to UL MIMO.

Propsoal 9: TSN field extension should be configured with UL MIMO.
DTX state
For DC- HSUPA it was agreed that DTX configuration and state parameters were common.  However the transition between DTX cycle 1 and DTX cycle 2 is independent in each carrier and depends on the E-DCH activity on each carrier.  

For UL MIMO as the serving grant of the UE is controlled for both streams via one serving grant on the primary grant and the S-DPCCH transmission is dependent on the primary stream DPCCH, we think that unlike DC-HSUPA, all DTX related procedures should be common across all streams.  The DTX configuration, status and transitions between cycle 1 and cycle 2 should all be common.

Proposal 10:  The DTX status, configuration and transitions between cycle 1 and cycle 2 should be common across all streams.  
Conclusion
In this contribution we have discussed the impacts of UL MIMO on the MAC and propose the following:

Proposal 1:  UL MIMO can be implemented by using the legacy MAC architecture, doubling the number of HARQ processes per E-DCH and allowing the multiplexing entity to create up to two MAC-i PDUs per TTI.  

Proposal 2: Non-scheduled transmission can take place on any of the UL streams according to non-scheduled grants, data availability and MAC-d flow priorities.  

Proposal 3: The first Happy Bit criterion: the UE checks if the UE is transmitting as much data as scheduled grant on the primary stream and as much data as allowed by the allocated power on the secondary stream.

Proposal 4: The second Happy Bit criterion: the UE has enough power available to transmit at a higher data rate on the primary stream assuming rank-2 transmission.

Proposal 5: Condition 3 should check if the buffer can be emptied with the current serving grant x ratio of active HARQ processes on the primary stream plus (serving grant – Secondary stream offset) x ratio of active processes on the secondary stream.  

Proposal 6: Discuss how the happy bit in the S-E-DPCCH is set.

Propsoal 7: No change is required for TEBS and UPH calculations.

Proposal 8: SI triggers do not have to be modified for UL MIMO.

Propsoal 9: TSN field extension should be configured with UL MIMO.

Proposal 10:  The DTX status, configuration and transitions between cycle 1 and cycle 2 should be common across all streams.  
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