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1. Introduction

This paper discusses the downlink grant channel requirements for the UL MIMO operation and proposes the structure of this channel to signal scheduling information for rank-1 and rank-2 transmissions and also for the transmission rank indication. The considered UL MIMO scheduling principles are in accordance with[2].
2. UL MIMO Architecture

This paper considers the UL MIMO physical channel structure using transmission of two transport blocks (TBs) with independent (non-interleaved) mapping of the E-DPDCH and S-E-DPDCH physical data channels over the primary and secondary spatial streams respectively [1] (MIMO Option II). The assumed UL MIMO physical channel structure is shown in Figure 1. 

Precoding of the physical channels is done so that the DPCCH, E-DPCCH, and E-DPDCH are transmitted on the primary spatial channel and S-DPCCH and S-E-DPDCH on the secondary spatial channel. The S-E-DPCCH is shown in Figure 1 to be precoded with the secondary weight vector. However, precoding using the primary weight vector may also be considered as a possible option and this will have an impact on the power setting for the S-DPCCH and S-E-DPCCH channels. 

Equal transmit power is assumed for the E-DPDCH and S-E-DPDCH traffic channels on the primary and secondary spatial streams. The E-DPDCH power is set relative to the DPCCH and the DPCCH power is controlled by the ILPC and OLPC schemes operating over the primary spatial stream. The E-DPCCH power is defined as for the SIMO and CL-BFTD modes to provide the necessary traffic-to-total-pilot (T2TP) ratio. The S-DPCCH power is fixed relative to the DPCCH as for the CL-BFTD mode. The S-E-DPCCH power setting will depend on whether this channel is precoded with the primary or the secondary weight vector.
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Figure 1. UL MIMO physical channel structure
3. Downlink Grant Channel Design
3.1. SIMO Downlink Grant Channel Design

The serving grant SG provided by the Node B to UEs in SIMO and CL-BFTD systems includes an absolute grant signaled by the E-AGCH downlink channel and a relative grant transmitted though the E-RGCH channel [3]. The absolute grant provides an absolute value of the E-DPDCH power increase over the DPCCH. The signaled absolute grant value has a length of 5 bits (being an index of the selected grant in the predefined grant table) and 1 bit is used to specify if the grant applies to one H-ARQ process or all H-ARQ processes of the UE (i.e. 6 bits are signaled in total in one E-AGCH message) [4]. The relative grant message commands a UE to hold, increase or decrease the current grant by changing (or keeping) the index of the current grant in the used grant table [3]. In one TTI, the absolute grant can be signaled by the Node B to a single UE only, but grant adjustments using relative grant mechanisms are provided to all associated UEs.
3.2. Additional Requirements for MIMO Grant Signaling
Additional requirements for MIMO grant signaling are introduced according to the UL MIMO scheduling and E-TFC selection principles discussed in [2].

According to [2], for rank-1 UL MIMO transmissions, the scheduling and grant signaling mechanisms are proposed to be kept unchanged relative the CL-BFTD mode.

For rank-2 transmissions, the grant signaling and E-TFC selection for the primary spatial channel are also proposed to be reused from the SIMO/CL-BFTD case. The grant value used for the E-TFC selection procedure of the primary stream is equal to the serving grant value SG signaled using the E-AGCH and E-RGCH channels
Additional control information has to be provided to the UE as part of the grant message in order to assist the E-TFC selection for the secondary spatial channel. Such information is proposed to be the SD parameter that is introduced as a ratio (or difference in a log scale) of the post-receiver SINR for the E-DPDCH and S-E-DPDCH physical channels that is adjusted by some margin in order to ensure the required BLER performance of the S-E-DPDCH channel. Then the E-TFC selection procedure for the secondary stream includes finding a ratio (in a linear scale or a difference in a log scale) of the SG and SD parameters and then applying the traditional E-TFC selection procedure but taking the SG to SD ratio instead of the SG grant value [2].
In addition, an indication of the transmission rank (rank-1 or rank-2) has to be provided by the NodeB to the associated MIMO-enabled UEs.

Hence, the downlink grant channel needs to be extended for carrying the transmission rank indication (1 bit) and, for the rank-2 case, the SD parameter.

The requirements to the precision and frequency of the SD parameter signaling can be estimated as follows. The channel state changes are assumed to be not faster than at 1 dB per slot rate. Otherwise UL TPC operating by +/- 1 dB commands may not be in time at keeping the required DPCCH SINR level. Also, as a consequence of the ILPC step size of 1 dB, no higher accuracy than 1 dB is needed for the SD signaling. The range of the E-DPDCH to S-E-DPDCH SINR differences where dual stream (rank-2) transmission is meaningful is not higher than 25-30 dB. Hence, 5 bits of the downlink transmission per TTI are sufficient to signal the SD value; further analysis is required to establish if this can be reduced. If the iterative signaling (update) of SD is performed then 1 bit or a ternary value (like in the E-RGCH) per TTI is sufficient. Hence, the requirements to signaling the SD parameter are similar to those for the transmission grant value SG or even below them.
3.3. Proposed Downlink Grant Channel Design
The proposed approach for signaling of the SD parameter is to extend the existing E-AGCH and E-RGCH mechanisms to signal the absolute SD value as part of an extended E-AGCH message and then provide iterative adjustments of the UE internal SD value using extended E-RGCH messages.

The approaches to extend the E-AGCH channel may be taken similar as proposed for MIMO Option II in [5], [6]:

· Configuring two parallel E-AGCH channels each carrying one grant for a spatial stream (a transmit power grant for the primary stream (or both streams) and an E-TFC for the secondary stream);

· Changing the E-AGCH coding to carry the two grants (12 bits or below) instead of the current 6 bits for a single grant;

· Defining a new type of the channel that would keep the legacy E-AGCH coding but use the reduced spreading factor of 128 to transmit the two grants.

The extra 6 or less bits of the extended E-AGCH message may be fully used for encoding the absolute SD value.
The E-RGCH channel may be extended to provide two ternary values for the UE grant modification (legacy purpose) and changing the internal UE SD value. Specific mechanisms for E-RGCH extension to carry two ternary values can be similar to those for the E-AGCH considered above and are FFS.
The SD parameter may be signaled as an index for a table of already predefined values or as an absolute value expressed in dB. This aspect is FFS.
3.4. Transmission Rank Signaling 

The transmission rank selected by the Node B for the UE will need to be signaled in the downlink as part of the grant message. To address this need, the mechanism for the transmission rank signaling is proposed to be blind detection of the extended E-AGCH transmission format (i.e. rank-1 E-AGCH or rank-2 extended E-AGCH formats).

Such mechanisms would imply a limitation on the frequency of the rank changes to one UE per TTI (as only a single E-AGCH message may be provided per TTI). Taking into account that practical UL MIMO deployment scenarios are assumed to be limited to a very small number of the UEs served by isolated cells, the rank update frequency of the proposed mechanism seems to be sufficient and introduction of the mechanism to be able to change the transmission rank for each MIMO-enabled UE at every TTI does not seem to be justified. The main advantage of the approach is avoiding additional complication of introduction of an additional physical for explicit transmission rank signaling.
4. Conclusion

The paper considered the needed extensions for the downlink grant channel in order to support UL MIMO using the scheduling principles discussed in [1]. In particular, signaling of the SD parameter assisting E-TFC selection for the secondary spatial stream was found to be necessary for a rank-2 transmission and signaling of the the transmission rank is required for both rank-1 and rank-2 transmission cases. 
The proposed implementation of the downlink grant channel extensions is as follows
· The SD parameter is proposed to be signaled similar to the serving grant SG using extended E-AGCH and E-RGCH channels. 
· The absolute value of the SD parameter should be carried in the extended E-AGCH message to one MIMO-enabled UE per TTI and then the ternary update (increase, decrease, or keep unchanged) of the SD parameter for each UE is possible for each UE at each TTI through the extended E-RGCH channel.
· The transmission rank signaling is proposed to be done by blind detection of the extended E-AGCH format. 
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